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VASCULARIZATION OF THE CORNEA OF THE RAT IN 
RIBOFLAVIN DEFICIENCY, WITH A NOTE ON 
CORNEAL VASCULARIZATION IN VITAMIN 
A DEFICIENCY 

Bv 0. A. BESSEY, Ph.D., and S. B. WOLBACH, M.D. 

{From the Denial School and. Department of Pathology, The Earvard 
Medical School, Boston) 

Plates 1 to 4 

(Received for publication, September 10, 1938) 

Vascularization of the cornea is an early and constant phenomenon 
in albino rats in riboflavin deficiency. It precedes aU other demon- 
strable lesions of the deficiency. 

The vascularization was first observed by us in the routine histo- 
logical examination of rats deficient in vitamin G (the heat-stable 
fraction of the vitamin B complex) (1). Subsequent experimentation 
showed that riboflavin alone was concerned. Control rats subject 
to the following conditions did not develop comeal vascularization: 
Bi deficiency. Be deficiency, fasting, old age, maintenance on the 
experimental diet plus riboflavin. 

Cataract has beeu associated, chiefly by Day and his fellow workers, with 
vitamin B 2 or G deficiency (the heat-stable vitamin B complex)* in rats (2, 3) and 
in other animab; mice, chicken and monkeys (4). They obtained an incidence of 
cataract in rats of nearly 100 per cent and regarded this lesion as a better criterion 
of vitamin G deficiency than dermatitis (3). Recently Day, Darby and Cosgrove 
(5, 6) showed that cataract in their rats was due solely to riboflavin deficiency. 

Cataract was of rare occurrence in our experimental rats. Animab from three 
different colonies were used as controls against stock variabiliy. The fev.’ occa- 
sions of its occurrence indicated a litter susceptibility. It abo appeared more 
often in the few animab on which we used grain extracts instead of yeast extract 
as a source of other essential dietary factors. However, we have made no attempt 
to duplicate exactly the conditions of the experiments by Day and hb associates. 

* In this paper, vitamin Bj, wtamin Bi complex, ritamin G and vitamin G com- 
plex as used arc all equivalent to the heat-stable vitamin B complex fraction. 

1 
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Other workers also have not been so successful in producing cataract in rats by 
means of vitamin B 2 (G)-deficient diets. Bourne and Pyke (7) obtained only an 
incidence of 31 per cent. Gyorgy (8) did not obtain cataract in a large series of 
rats. Richardson and Hogan (9) rarely saw cataract in their vitamin G complex- 
deficient rats. 

While keratitis is frequently noted in descriptions of vitamin Bs or G deficiency 
in rats, there are only meager accounts of the histology of the cornea and only two 
references to the presence of blood vessels. Pappenheimer describes a section 
from one of Sherman and Sandel’s (10) vitamin G-deficient rats as showing in the 
cornea “a very slight keratitis, with corneal corpuscles, a few polymorphonu- 
clears, and some new-formed blood channels.” 

Day, Langston, and O’Brien (2) gave, as their sole histological description of the 
cornea in vitamin G deficiency, the following: “Microscopic examination of the 
cornea revealed an inflammatory process in the anterior stroma. The epithelium 
was normal but small lymphocytic and leucocytic infiltrates accompanied by new 
blood vessel formation were found directly under the epithelium.” 

Cataract as a consequence of riboflavin deficiency is probabty 
dependent upon strain susceptibility and certain experimental con- 
ditions employed by Day. On the other hand, corneal vascular- 
ization invariably occurs when riboflavin is absent from the diet. 
Corneal changes, observable in gross, indicating the presence of 
vascularization, have occurred in over 300 rats in a period of more 
than 2 years. Microscopic examination or India ink injections have 
never failed to show it after the 4th week of riboflavin deficiency. 

Material and Methods 

The Rais . — Rats from three different colonies, including Wistar Institute rats, 
have been used. The employment of three types of breeding rations — (c) whole 
wheat and whole milk powder (Sherman diet 13) ; (6) dog chow and (c) scratch 
feed — has served as a control on the influence of the pre-e.xperimental diet upon the 
deficiency. In all cases, with the exception of slight time variations, the pathology 
has been the same. The rats were placed on the experimental riboflavin deficient 
diet when 21 to 28 days old at 40 to SO gm. weights. 

The Diet . — In our earlier vitamin G-deficient e.xperiments before the multiple 
nature of the heat-stable vitamin B complex was established (5), the Shcrman- 
Bourquin (10) diet was used. We now know that this diet was primarily deficient 
in riboflavin (11) but also often contained only small amounts of vitamin Be and 
other essential factors. 

The riboflavin-deficient diet which we now employ has the following 
composition. 



per ctnt 


Caseia^ 18 

Osbome and Mendel salt mixture 4 

Cod liver oil 2 

Sugar 20 

Cornstarch® 48 

Peanut oil 8 


40 y of pure vitamin Bj (thiamin) were given on alternate days. 

2 gm. (yeast equivalent) of riboflavin-free yeast extract^ were given daily, after 
the first 10 days, as a source of vitamin Bg and other B factors. 

Rats upon this diet cease to grow after 3 weeks but will often five 12 to 15 weeks, 
occasionally to 18 weeks. The completeness of the diet was proved by the fact 
that the addition of synthetic riboflavin yielded sustained satisfactory growth 
without demonstrable pathology in control rats. 

The vitamin Bc-deficient diet was the same as the above except that 20 y of 
riboflavin was added daily in place of the yeast extract. 

Clinical Course 

The rats cease to grow after 3 weeks. In 5 to 7 weeks the palpebral 
fissures become noticeably smaller, the eyeballs are less prominent 
and appear sunken in the orbits. The lids are slightly swollen 
and appear to be edematous. The tail becomes dry and scaly. The 
hair has lost its luster. Soon after there may be small amounts of 
serous blood-tinged exudate in the conjunctival sac and the lids may 
become stuck together. The corneas become slightly dull as if finely 
sanded; after 7 to 10 weeks, one or both corneas may become turbid 
and white. At about this time, denuded patches begin to appear 
about the eyes, head, shoulders and back. The skin of the paws and 
legs becomes dry and scaly. Later, some of the denuded areas become 
red, moist and even ulcerated, particularly on the paws and upon 

- Extracted twice by shaking with 60 per cent alcohol and twice by refluxing 
with 95 per cent alcohol. 

* Extracted twice by refluxing with 95 per cent alcohol. 

* 200 gm. of drj- brewers' yeast and 1 liter of water were brought, while stirring, 
to boiling; cooled; 200 cc. methyl alcohol added; supernatant liquid decanted or 
centrifuged; the alcohol distilled ofli; HCI added until acid to Congo red; treated 
twice while stirring with small portions of fullers’ earth (tonsil, L. A. Solomon 
Brothers, New York) until free of riboflavin as tested by absence of fluorescence to 
ultraviolet light. Distilled at fiO'C. or evaporated until 1 cc. equalled 2 gm. 
yeast. 
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the head, neck, and shoulders and behind the ears. The distribution 
and severity of these skin lesions are influenced by scratching and 
gnawing by the animal. The urine becomes concentrated and highly 
colored. The animal is dehydrated as indicated by the rapid increase 
of weight due to water intake when riboflavin is given to a rat still 
capable of recovery. 

The pathology of the skin and other organs of riboflavin-deficient 
rats will be described in another report. In this we shall describe 
only the eye in relation to vascularization of the cornea. 

The Vascularization of the Cornea 

By the end of the 4th week of the riboflavin deficiency, there is 
a marked radial ingrowth of capillaries into the cornea from the vessels 
of the limbus. This happens before any change in the cornea visible 
in the gross has taken place. The transparency is undiminished. 
While these vessels may be seen by slit-lamp illumination, no turbidity 
of the cornea or change in the corneal epithelium is revealed by this 
method or by histological study. By the end of the 10th or 11th 
week, the blood vessels extend inwards for more than one-third of 
the diameter of the cornea and some may reach nearly to the center. 
The time of onset and abundance of the vessels varies, and these differ- 
ences occurred even among litter mates. Rats which had a pre-experi- 
mental diet high in riboflavin developed the corneal vascularization 
slightly later than those which had a low riboflavin diet (scratcli feed). 
We have followed the initiation, progress and repair of this process 
by histological sections, injected specimens and by slit-lamp observa- 
tions, through the cooperation of Dr. T. Gundersen of the Department 
of Ophthalmolog}’-, Harvard Medical School. 

Injected specimens gave the most information about the manner of growth of 
the vessels, their source, and the circulation in the corneal limbus of the normal 
eye. They were prepared by injecting 25 per cent aqueous India ink, at a pressure 
of about 75 mm. Hg into the aorta, through the left ventricle of the living anesthe- 
tized animal. The whole eye, with the lids and orbital glands, was fixed in 10 per 
cent formalin, dehydrated in alcohol, and cleared in oil of cedarwood. In some 
instances, one eye was fixed in Zenker’s fluid for comparison by histological study. 
The cleared injected eye was first studied as a whole. For high magnification and 
for photographs, the anterior part of the eye was removed by a circumferential cut 
posterior to the plane of the attachment of the ciliary body. Four radial incisions 
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were made in order to flatten the curved disc. The iris was next removed. The 
first preparations made were damaged in the removal of the lids from the eyeball 
by forcibly tearing away the conjunctiva at its attachment to the globe. This 
line of attachment extends forward above the limbus of the cornea and when 
pulled away often carries with it the blood vessels of the limbus. The specimens 
thus prepared were mounted in compression cells for immediate study. After a 
few days under pressure they remain flat enough to be used between slide and 
cover slip. 

Source of the Corneal V essels . — ^The corneal vessels arise from a rich arterio- 
venous plexus which encircles the cornea in the limbus and which corresponds to 
the superficial marginal plexus of the cornea of the human eye. 

The arterial supply of this plexus is an encircling artery formed by the anasto- 
mosis of the branches of two short trunks which usually arise, one each from the 
lateral and mesial long posterior ciliary arteries just before these divide to form the 
greater arterial circle of the iris. Each short arterial trunk divides once into 
superior and inferior branches which join their fellows of the opposite side. This 
circular artery of the limbus may have slightly different origins. The main trunks 
may arise from either branch of the long posterior ciliary artery or each branch of 
the latter may give rise to an artery. There may be combinations of these methods 
of origin in the same eye (Fig. 1). 

There is great variation in the veins which accompany the circular artery. 

In general there are two or more roughly parallel freely anastomosing veins, one 
or more on each side of the artery. In general, the veins lie deep to the artery. 
The veins empty into several large trunks and communicate as well with the 
venous plexus of the sclera. 

The plexus of the limbus consists of a series of loops, freely inosculating with 
one another and forming a band 0.2 mm. to 0.3 nun. in width internal to the ar- 
terial circle. We have made no attempt at a complete study of this plexus. It is 
more complex in the young rat than in the old. Fig. 2 is from a normal weight 
control rat and therefore 3 to 4 weeks old. Fig. 3 is from a normal age control 
rat and therefore 13 to 14 weeks old. These are representative of a few examples ' 
at each age period. The drawings are presented in lieu of an attempt at a more 
detailed description. 

The circular arteiy' of the limbus ako gives rise to branches which go to the 
palpebral conjunctiva, to the nictitating membrane and to the sclera. We could 
find no branches to the ciliarj' body and iris. 

Manner of Growth of the Corneal Vessels . — ^The early pattern made by the 
advancing capillaries, 4th to 7th week of the deficienc)', is more complex because 
of the great abundance of anastomoses (Figs. 4 and 5). The pattern is lace-like 
and on the advancing border fringed with glomerulus-like loops and arrow-head- 
like pointed sprouts. Venous connections are even more abundant than arterial 
and it is impossible to avoid concluding that simultaneous growth from arterial 
and venous sources takes place. Except for very short pointed sprouts usually 
situated near the middle of loops, the ads-ancing zone of capillaries is composed 
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of anastomosing loops. The appearance suggests that the pointed sprouts split 
behind as they grow, which would be one way of maintaining a pressure gradient. 
Another possibility is that pool-like expansions of loops advance toward the 
center of the cornea while contracting on the peripheral side. Lateral bands 
from arms of loops and from short pointed sprouts give abundant evidence of the 
establishment of anastomoses by coalescence. 

At later periods, 7 weeks or more, (Figs. 6 , 7, 8 , 9) we find conspicuous radially 
directed capillaries, arterial and venous in relation to their sources, which are 
connected by very small calibered vesseb, often barely brought out by the India 
ink mass. This appearance we interpret as due to the closure of many of the early 
loops. Serial observations on the living animal will be required to determine the 
exact manner of growth of the capillaries into the cornea. The many publications 
of the Clarks ( 12 , 13) and their associates and Sandison (14) upon the growth of 
blood vessels as observed through transparent chambers in the rabbit’s ear may 
well serve as a model for such studies. 

The invading capillaries at first lie just beneath the corneal epithe- 
lium, but soon others come to lie deep in the tunica propria. By the 
end of survival time in attempted absolute riboflavin deficiency, 12 
to 18 weeks, the blood vessels extend across the cornea nearly to its 
center. 

Behavior of the Blood Vessels in Recovery from the Deficiency 

Slit-lamp observation reveals the capillaries in the 4th to 6th week 
of the deficiency. Turbidity of the cornea does not appear until 
many days and often several weeks after the vessels are conspicuous 
under the slit-lamp. Moderate degrees of turbidity of the cornea 
disappear as soon as 12 hours after giving 60 t of riboflavin by mouth. 
Unless severely damaged, the cornea is clear within 48 hours. After 
2 weeks’ treatment with 20 7 of riboflavin daily, the blood vessels 
can no longer be seen by an experienced observer with the slit-lamp.® 
They may, however, be demonstrated in sections and by India ink 
injection. We do not know how long they persist, but they are 
present in abundance in perfectly clear apparently normal corneas 
as late as 58 days under adequate riboflavin treatment. They persist 
long after leucocytic infiltration has disappeared and the tunica 
propria is restored to normal in all other respects. 

® 5 7 daily is an adequate protective dose against vascularization. 
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The earliest recovery period studied by the injection method was 7 days. 
At this time, evidences of growth activity were almost absent. The glomerulus- 
like structure, the pools and pointed sprouts, had largely disappeared. The inner 
border of the vascular zone presented only loops and rare V-shaped loops with 
pointed extremities. There was marked diminution of caliber of many vessels, 
particularly of lateral anastomotic branches, A few vessels showed numerous 
constrictions. In preparations after 12 to 16 days of recovery, the simplification 
of the vascular pattern was considerable (Fig. 10). All evidences of growth were 
absent. The constrictions of the radially directed vessels were much more 
pronounced, producing an effect of beading. By the 2Sth day of recovery, the 
pattern was greatly simplified (Fig. 12). The beading effect was generally 
present. Many long radially directed capillaries now appeared as flattened 
spirally twisted bands (Fig. 11). The rate of change from the 25th to the 58th day 
was not so marked and may be summarized as a steadily increasing diminution in 
number and caliber of the capillaries and a retreat of the vessels from the center of 
the cornea toward the periphery (Fig. 13). 

Correlation of the Injected Specimens with the Histological Changes 

in the Cornea 

1. The Vascularizalion . — ^The first capillaries to be seen lie just beneath the 
corneal epithelium, close to the limbus. Later they appear deep in the tunica 
propria. They may extend far toward the center of the cornea before leucocytes 
appear outside of the vessels (Fig. 14) . The comeal epithelium remains unchanged 
until late in the deficiency and then undergoes degenerative changes which we 
regard as secondary to the lesions in the tunica propria. 

Capillaries in cross section have sharply defined circular outlines, and the 
collagen lamellae are bowed around them. In longitudinal sections, the capillaries 
are seen to lie between lamellae. The more advanced the deficiency, the more 
prominent are the endothelial cells and the more numerous are the mitotic figures 
in the capillary walls. The capillaries can be traced obliquely downward into the 
depths of the tunica propria; rarely they descend almost perpendicularly to the 
surface. Only rarely and in very advanced stages of the deficiency have we found 
the blood vessels deeper than the junction of the middle and lower (deep) third of 
the tunica propria. Wfliile the blood vessels reach a considerable size, they remain 
capillaries in structure. We could find no indication of the formation of a muscular 
coat even in the e.xpcriments of longest duration, 16 to 18 weeks. 

Lcucoc>’tcs are found in small numbers within a week or two after the vessels 
have penetrated the cornea. They become progressively more numerous and 
consist chiefly of polymorphonuclear leucoc>’tcs. A few lymphoid cells can be 
recognized and rarely a mononuclear wandering cell conesponding to the monocyte 
or mononuclear phagoc>-tic cell. The lcucoc>'tcs, for the most part, are strung 
out between the lamellae. They may accumulate in great numbers beneath the 
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corneal epithelium, especially near the limbus. In advanced stages of the de- 
ficiency, great numbers of leucocytes collect in the central non-vascularized portion 
of the cornea and the epithelium becomes invaded by them (Fig, 15). The col- 
lagen of the central portion becomes markedly changed; the collagen fibrils are 
replaced by a lightly staining non-fibrillarj' material, as if the fibrils had swollen 
and fused. When blood vessels have entered such regions, we find an increase 
of fibroblasts. The newly formed fibroblasts lie adjacent to the blood vessels; 
there may be numerous ones in sections. There is no special arrangement of 
these fibroblasts and they may have their long diameter obliquely or perpendicu- 
larly aligned with regard to the normal plane of the lamellae of the corneal con- 
nective tissue. Rarely we have found areas of densely stained hyaline collagen 
without fibrillary structure which we have interpreted as evidence of necrosis. 

The corneal epithelium over the regions with the most advanced vascularization 
and infiltration is often markedly changed. The deep layer of cells remains 
surprisingly persistent. The superficial cells become separated and vesicles may 
form between the superficial and deep layers of the epithelium. Necrosis and 
ulceration are very late consequences. The split-lamp, after vascularization is 
well established but before the cornea becomes turbid, shows at most an occasional 
point of light reflection, probably indicative of separated superficial cells of tlie 
epithelium. Histologically, desquamating ceUs can be found but not in greater 
numbers than in the various types of control eyes we have used. Even should 
this inconstant slit-lamp observation be indicative of an epithelial lesion, it is not 
conceivable that a lesion of such insignificance and elusivencss should be responsi- 
ble, in any familiar sense, for the vascularization and subsequent degeneration of 
the tunica propria. 

Throughout the progress of the deficiency, Descemet’s membrane and tlie endo- 
thelium covering it show no changes that could be demonstrated by any of a 
variety of staining methods. 

2. Repair . — By the 7th day after restoration of riboflavin to the diet, leuco- 
cytes, with rare exceptions, have disappeared from the tunica propria and from 
the corneal epithelium. The capillaries by this time have become smaller in 
caliber. After the 12th day of repair, the vessels could not be seen by an e.x- 
perienced observer using the slit-lamp illumination. They can be found with 
ease in histological sections, though these give no indication of the number and 
size of the capillaries that are brought to view by the India ink injections. 

In general, the study of sections gives the impression that in repair there is 
a progressive diminution in the number of vessels and in size. It would seem that 
the pressure used in making the injections opens capillaries that were collapsed. 
Sections of cornea injected with India ink confirm this impression in that thin 
lines of the pigment may be found, without accompanying blood corpuscles and with 
no recognizable endothelial cells, or the latter indistinguishable from the cells of 
the cornea. Serial sections show that the ink occupies slits of considerable width, 
indicating compression of the capillaries between the laj’crs of connective tissue 
lamellae. Careful search is required at all periods of repair to find any evi- 



0, A. BESSEY AND S. B, WOLBACH 


9 


dence of degeneration of capillary endothelium or of entrapped red blood cor- 
puscles. 

The former is indicated by a rare swollen finely vacuolated endothelial cell in siiu. 
The latter is shown by phagocyted hemosiderin granules. In all corneas, after 2 
weeks of repair, all evidences of degenerative changes of the epithelium and of the 
tunica propria were absent. Fibrin was never found. The appearances in sec- 
tions, whether of non-injected or of ink-injected eyes, suggest that circulation 
in part ceases before the endothelium disappears and that the final closure is 
accompanied or brought about by compression between the connective tissue 
lamellae. The persistence of vessels for periods up to 58 days, inasmuch as some 
of these contain normal appearing blood corpuscles and are lined by normal look- 
ing endothelial cells, suggests that some of them may persist indefinitely. 

Y ascularizaiion of the Rat's Cornea in Vitamin A Deficiency 

Wolbach and Howe (15) in 1925 described vascularization of the 
cornea of rats in vitamin A deficiency, accompanied by leucocytic 
infiltration and changes which were interpreted as edema of the 
tunica propria. The vascularization was regarded as a phenomenon 
secondary to the hyperkeratinization of the comeal epithelium and 
it was suggested that the vascularization was a physiological response 
to the increased growth rate of the comeal epithelium. We have 
reviewed the vitamin A deficiency material and apart from the hyper- 
keratinization of the comeal and conjunctival epitheliums, find great 
similarities with our findings in riboflavin deficiency. The accumula- 
tion of desquamated coraified cells in the conjunctival sac and the 
consequent inflammatory response might be regarded as adequate 
cause for ingrowth of blood vessels. However, in vitamin A deficiency, 
the ingrowth of capillaries takes place concurrently with the epithelial 
changes. Considerable vascularization may be present before there 
is any considerable accumulation of desquamated cells and before 
there are more than early histological signs of inflammatory reaction 
in the conjunctival limbus. We are disposed to discard an inflam- 
matorj'^ explanation of the vascularization. Always, however, the 
presence of capillaries in the cornea was accompanied by a char- 
acteristic change in the comeal epithelium, indicative of the shift to 
keratinizing metaplasia. The speculation is warranted that an 
important factor in causation may be a change in permeability of the 
epithelium in its effect upon the respiration of the cornea as a whole. 
The details of repair follov.-ing restoration of xdtamin A to the diet 
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by the addition of butter fat or cod liver oil, though not followe 
by the injection method, in general parallel tliose of repair froi 
riboflavin deficiency. 

The closure of the vessels takes place in the same manner but ap 
parently takes place more rapidly. This we infer by the ease wit 
which entrapped and disintegrating red blood cells are found. Als 
swollen and vacuolated endothelial cells are found with ease and afte 
the 2nd week hemosiderin granules are often present within endothelic 
cells and strung out in closed capillaries. It has been possible t- 
follow in serial sections strings of hemosiderin granules into an en 
dothelial lined space containing granular deepl)^ eosinophilic rei 
blood cells, thus confirming the riboflavin repair closure of capillarie 
by intermittent constriction. Our impression is that for the period 
of repair studied, up to 43 days, obliteration of the vessels due t( 
vitamin A deficiency is more complete than that due to riboflavii 
deficiency. 


DISCUSSION 

The riboflavin used in the repair experiments and in the purifiec 
diets used in control experiments was pure synthetic riboflavin mad< 
by one of us. Therefore, the effects described by us could not have 
been due to an impurity. 

The clinical observations and histological studies rule out demon- 
strable injury of any nature as the inciting factor of the vasculariza- 
tion. The role of riboflavin as a respirator}'^ carrier suggests that tlie 
vascularization is a response to asphyxia. Since tlie prevailing opinion 
is that the cornea respires through its external surface, tlie failure 
of the epithelium to transport oxygen seems to be an explanation of 
the sequence of histologic events. However, it is also reasonable 
to assume that the vascularization may be a response to the respiratory 
needs of the epithelium itself. If respiration of the cornea is de- 
pendent upon the epithelium by virtue of riboflavin activity, the 
vascularization in vitamin A deficiency could also be accounted for 
on the basis of an altered physiology'- accompanying the keratinizing 
metaplasia. We have not seen vascularization of the cornea of guinea 
pigs, either in riboflavin deficiency or in \dtamin A deficiency. In 
the rat in riboflavin deficiency, there is no vascularization of cartilage. 
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As a means for the study in a mammal, of growth and regression 
of capillaries, riboflavin deficiency has obvious advantages which 
we have made little attempt to explore. Our only histological ob- 
servation that may possibly be relevant to the problem is that in 
common with vitamin A deficiency, there is disappearance of the 
yellow material in the acini of the Harderian glands. In both de- 
ficiencies, the vascularization is present before the pigment has en- 
tirely disappeared. 

SUMMARY AND CONCLUSIONS 

Vascularization of the cornea of the rat in the absence of antecedent 
pathology is probably a specific and the most reliable criterion of 
riboflavin deficiency. 

Its initiation and repair may be used for testing the biological activ- 
ity of compounds structurally related to riboflavin. 

The facts that the invading capillaries are easily visible in the 
living animal and that the growth and regression of the blood vessels 
are under dietary control and for a considerable period of time un- 
accompanied by other pathological reactions, make this method very 
suitable for the study of problems related to capillary growth. 

We believe that the best hypothesis in explanation is that the 
vascularization is a response to asphyxia of the tunica propria. 

BIBLIOGRAPHY 

1. Wolbach, S. B., J. Am. Med. Assn., 1937, 108, 7. 

2. Day, P. L., Langston, W. C., and O’Brien, 0. S., Am. J. Ophth., St. Louis, 

1931, 14, 1005. 

3. Day, P. L., and Langston, W. C., J. Nnlrition, 1934, 7, 97. 

4. Day, P. L., Am. J. Pub. Beallh, 1934, 24, 603. 

5. Day, P. L., Darby, W. J., and Langston, W. C., J. Nulrilion, 1937, 13, 389. 

6. Day, P. L., Darby, W, J., and Cosgrove, K. W., J. Nnlrition, 1938, 16, 83. 

7. Bourne, M. C., and P 3 'ke, M. A., Biocbem. J., London, 1935, 29, 1865. 

8. Gyorgy, P., Biochem. J., London, 1935, 29, 741. 

9. Richardson, L. R., and Hogan, A. G., Missouri Agric. Exp. Station, Research 

Bull. 241, 1936. 

10. Sherman, H. C., and Sandel, M. R., J. Nutrition, 1931, 3, 395. 

11. Bessey, O. A., J. Nutrition, 1938, 16, 11. 

12. Clark, E. R., and Clark, E. L., Am. J. Anal., 1931-32, 49, 441. 

13. Clark, E. R., Hitschlcr, W. J., Kirby-Smith, H. T., Re.T, R. 0., and Smith 

J. H., Anal. Rcc., 1931, 60, 129. 

14. Sandison, J. C.,Am.J.Anal., 1928,41,447. 

15. Wolbach, S. B., and Howe, P. R., J. Exp. Med., 1925, 42, 753. 



12 


CORNEAL VASCULARIZATION IN RIBOELAVIN LACK 


EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Drawing of cornea of an injected rat. 77 days on riboflavin-deficient 
diet. Reproduced principally to show the circular arterj'^ of the limbus. Figs. 
6, 7, 8, and 9 are from this animal. 

Fig. 2. Normal rat, weight control. India ink injection to show the ple.vus 
of the corneal limbus. Arteries black. Veins stippled. X about 91. 

Fig. 3. Normal rat. Age control. India ink injection. The h'mbic plexus. 
Arteries black, veins stippled. X about 91. 




Plate 2 


Fig. 4. Earl}' growth of blood vessels into the cornea. Rat 5 weeks on ribo- 
flavin-deficient diet. India ink injection. X about 23. 

Fig. 5. Riboflavin-deficient rat. 7 weeks. India ink injection. The number of 
new vessels and the complexit}' of the pattern are greater than usual. X about 23. 
Fig. 6. Same rat illustrated in Fig. 1. Photomicrograph X about 9. 

Fig. 7. A detail of Fig. 6. X about 23. 

Fig. 8. A detail of Fig. 6. X about 23. 

Fig. 9. A detail of Fig. 6. x about 23. 
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Plate 3 


Fig. 10. India ink-injected rat. Corneal vessels showing the circular artery 
and some of the veins of the plexus. Riboflavin-deficient rat 91 days, followed 
by 12 days with riboflavin restored, 40 y daily. Shows the cessation of growth 
and irregular closure of vessels. X about 32. 

Fig. 11. a detail from Fig. 12. X about 147. 

Fig. 12. India ink-injected rat. Corneal vascularization in repair. This rat 
was kept for 56 da3^s on riboflavin-deficient diet and then received 20 y daily for 
25 days. X about 32. 

Fig. 13. Corneal vascularization in repair. Rat 56 days on riboflavin-deficient 
diet, then 58 days with the addition of 20 y daily. X about 32. 
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Plate 4 


Fig. 14. Drawing of cornea of riboflavin-deficient rat 70 days. Shows vascu- 
larization with beginning leucocytic infiltration. Stained with Mallory’s eosin- 
methylene blue, after Zenker’s fixation. X 144. 

Fig. 15. Drawings of cornea of rat kept on riboflavin deficient diet with in- 
adequate vitamin Be content 120 days. Shows deep vascularization of the tunica 
propria, heav)' leucocytic infiltration and lesions of the epithelium. Stained with 
Mallory’s eosin-methylene blue, after Zenker’s fixation. X 144. 
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A NEOPLASM OF MONOCYTES OF MICE AND ITS RELA- 
TION TO SIMILAR NEOPLASMS OF MAN* 

Bv J. FURTH, M.D. 

With the Assistance of C. Bkeedis 

{From the Department of Pathology, Cornell University Medical College, New York) 

Plates S to 8 

(Received for publication, September 19, 1938) 

A transmissible strain of leukemia in mice with malignant cells 
related to histiocytes is described in this communication. The strain 
is derived from a mouse that had granuloma-like infiltrations in the 
blood-forming tissues. Upon successive passages, the granuloma-like 
characteristics became less noticeable and the strain was transformed 
into a neoplasm with malignant cells resembling histiocytes. 

Terminology 

Experiments described elsewhere (1) led us to conclude that monocytes, 
histiocytes, macrophages, clasmatocytes, polyblasts, Kupffer cells and microglia 
cells are synonymous terms for one cell type, which is capable of perpetuating 
itself by mitotic division. In this communication we shall refer to the round 
forms of this type of cell seen in the circulating blood, as monocytes, and to all 
other forms as histiocytes. Tumors of monocytes or histiocytes will be named 
histiocytomata (monocytoma) and the systemic disease characterized by these 
cells histiocy tomatosis (monocy tomatosis) . Monocytic leukemia is a synonymous 
term for leukemic histiocy tomatosis (monocj'tomatosis). 

Origin of the Strain 

In August, 1937, a 24 months old male mouse (Rfb 385) developed a disease 
associated with great enlargement of the spleen and slight enlargement of the 
lymph nodes. The white blood count appeared slightly elevated and the differen- 
tial count was as follows; Polynuclear and young granulocytes, 60 per cent; small 
and medium sized lymphocj-tes, 15 per cent; eosinophiles, 1 per cent. The 
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remaining cells, 20 per cent, were mononuclear leukocytes, most of which re- 
sembled normal monocytes, but a smaller number, 4 per cent, were unusually 
large mononuclear cells with a large amount of intensely basophilic cytoplasm and 
very large nucleus. 

The mouse was killed and at autopsy the spleen measured 3.5 by 1.0 cm. in the 
two greatest diameters; it was firm, gray-red, with numerous nodular gray areas 
on the external surface and on the cut surface. Most of the lymph nodes were of 
normal size. The largest nodes were found in the neck and measured 7 mm. in 
greatest diameter. On microscopic examination there was almost complete 
replacement of the spleen by large, nodular, partly confluent areas, illustrated in 
Fig. 3. Most of the cells in these areas resembled normal monocytes with abun- 
dant pink staining cytoplasm and an oval or slightly indented nucleus. The size 
and shape of the nuclei varied greatly but none was hyperchromatic. Occasional 
giant cells were present. Mitotic figures were few. Scattered among the mono- 
cytes was a small number of lymphocytes. The compressed splenic tissue between 
the nodules formed by the monocytes, was composed mainly of erythroblasts and 
myeloid cells in various stages of development. The lymph nodes were diffusely 
infiltrated by mononuclear cells, similar to those in the spleen, and the architecture 
of the node was distorted. The section of the liver illustrated in Fig. 4 showed 
extensive nodular and portal infiltration by cells similar to those seen in the 
spleen. The bone marrow was slightly infiltrated by these cells but here cells 
resembling fibroblasts were numerous at the sites of infiltration (Fig. 5). A touch 
preparation of the spleen stained with Wright and Giemsa solution contained 
mononuclear cells similar to those seen in the section, but the cytoplasm of most 
of the mononuclear cells was more basophilic than that of normal monocytes. 

T ransmission Experiments 

Inoculations were made with a splenic cell suspension from mouse 
Rfb 385 into 6 related mice. One of the injected mice died with 
alterations similar to those observed in the mouse with the spontaneous 
disease. The disease was passed by intravenous injection from this , 
mouse to 3 of 5 related mice. In successive subpassages most inocula- 
tions into related mice were successful. 

The results of the first 7 passages are summarized in Table I. 

0.1 cc. of a cell suspension containing approximately 10,000 cells 
per c. mm. was injected into the tail vein of each mouse; it was esti- 
mated that each animal received approximately 1,000,000 cells. 
WTien the number of cells injected was decreased the number of suc- 
cessful injections likewise decreased and the duration of the illness 
was lengthened. Most mice injected with 10,000 cells and an oc- 
casional mouse injected with 100 cells died of this disease; e.g., in 
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TABLE I 


Transmission Experimenls 


Passage 

No. 

Material injected 

Route 

Farmly 

Mice 

Num- 

ber 

in- 

jected 

Num- 

ber 

+ 

Length of life after 
inoculation 







days 

I 

Spleen and lymph node 

i.v. and s.c. 

Rf 

6 

1 

D 66 

na 

(( tt It tt 

tt tt tt 

Rf 

5 

3 

K 21-57, D 35 

nb 

ti tt tt tt 

it tt tt 

x-Rf 

6 

6 

K 36-63, D 28 

rn a 

Spleen 

i.v. 

x-Rf 

5 

5 

K 23-28, D 14-35 


({ 

s.c. 

x-Rf 

2 

0 



(( 

i.v. and s.c. 

Af 

8 

0 



tt 

tt tt tt 

x-Af 

5 

0 


nib 

12 day tissue culture 

tt tt tt 

x-Rf 

2 

2 

K 125, D 125 

rva 

Spleen 

tt (C Ct 

i-Rf 

2 

2 

D 16-17 


Frozen and thawed 

tt tt tt 

x-Rf 

3 

3 

K 32, D 39 


spleen 







Spleen 

tt if ft 

x-Af 

10 

0 


IVb 

1C 

i.v. 

x-Rf 

4 

4 

K 14-25, D 28 


« 

tt 

x-S 

2 

0 


V 

tt 

tt 

x-Rf 

8 


K 17-30, D 13-21 

VI 

ft 

tt 

x-Rf 

2 


K 13-76 


tt 

tt 

Rf 

4 


K 18, D 18-19 

VII 

it 

i.v. and s.c. 

Rf 

2 


D 27-34 


it 

tt tt tt 

CRf 

4 


K 25, D 34-39 

VIII 

tt 

i.v. 

CRf 

3 


K 15-27 

IX 

tt 

(1 

Rf 

5 


K 15, 15, D 20-23 


tt 

(( 

RfAk 

4 


D 16-28 


tt 

(( 

Ak 

8 

0 


X 

Cell-free supernatant 

tt 

x-CRf 

11 

0 



Sediment 

tt 

x-CRf 

5 

5 

D 8-13 


Abbreviations Used in the Tables . — K = killed; D = died; i.v. = intravenous; 
s.c. = subcutaneous. The origin of the stocks of mice named Rf, Af and S has 
been described (2). Stocks Ak, Af, S and C arc unrelated to stock Rf in which the 
spontaneous disease originated. CRf is a first generation hybrid between the 
C stock of the Roscoe Jackson Memorial Laborator>' and our Rf mice, and AkRf 
arc similar hybrids of the corresponding stocks, x means that the mice were 
x-rayed from 1 to 7 days before inoculation with approximately 400 r. 

one experiment the 2 mice that received 1,000,000 cells died 17 days 
after injection, 2 of 3 mice recei^^ng 10,000 cells died after 27 daj's, 
and 1 of 4 mice receiving 100 cells died after 29 days. 
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None of the 23 unrelated mice (Table I) that were injected de- 
veloped the disease even though 17 of them were irradiated with 400 r 
before inoculation. Mice of the first generation of h3^brids between 
resistant and susceptible stocks were susceptible. 

The material introduced into the subcutaneous tissue produced 
either a small, nodular growth at the site of injection or no lesion 
detectable in the gross. In this respect this strain resembled the 
transmissible chloroleukemia described by HaU and Knocke (3). 

All 3 mice of the related stock Rf injected with splenic tissue that 
had been frozen slowly and kept during 1 hour at — 70°C. died with 
monocytoma. This result may be explained by the resistance of 
these cells to slow freezing (4). 

Attempts to Transmit the Neoplasm with Material Free from Living Cells 

1. Splenic tissue dried in vacuo in the frozen state failed to produce 
the disease in 4 irradiated mice of stock Rf. 3 months later the 
same mice received additional irradiation and were inoculated intra- 
venously with live malignant mononuclear cells. Monocytoma 
characteristic of this strain developed in all 4 mice from 11 to 40 days 
after the reinjection. 

2. 10 irradiated mice received intravenous injections of unfiltered 
cell-free splenic extract, obtained by spinning a thick splenic sus- 
pension at 3500 R.P.M. and 4 control mice received the sediment. The 
control mice died with monocytoma from 8 to 13 days after injection; 
the mice that received the cell-free extracts remained healthy. 

3. Previous experiments have suggested that irradiation may be 
used to discriminate cells from virus in inocula containing both (5). 
Viruses are resistant to x-rays, whereas cells of mice present in the 
material are destroyed by approximately 500 to 6000 r of x-rays. 
X-rays do not bring about immediate destruction of the cells, but they 
may survive for several days and even multiply, so that viruses, should 
they be present within the cells, have an excellent opportunity to 
obtain a foothold in the new host. 

In one e.\periment 4 mice received, with no ill effect, an intravenous injection 
of appro.ximateh' 1,000,000 cells, e.\posed to 2000 r, and 4 mice a similar number 
of cells e.\-posed to 4000 r. 2 control mice that received the same number of un- 
irradiated cells died with this disease 17 days after injection; 2 of the mice that 
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had received approximately 10,000 cells each died after 25 and 28 days respec- 
tively; and one of 4 mice receiving approximately 100 unirradiated cells (hed after 
29 days. In a second experiment that will not be described in detail, approxi- 
mately 1,000,000 cells that were exposed to 1000 r and 2000 r respectively were 
injected into each of 4 mice, with no ill effect. The control injections were as 
effective as in the first experiment. 

These experiments do not support the opinion that there is a virus 
in this material capable of producing mono(ytoma under the cir- 
cumstances of our tests. 


Anatomical Changes 

The gross characteristics of the disease are illustrated in Figs. 1 
and 2. In the advanced stage, the liver was enormously enlarged, 
greatly distending the abdomen. It was thickly spotted with minute 
round or irregular gray-white, red and yellowish gray areas. The 
gray areas were due to the presence of minute masses of the malignant 
mononuclear cells, the red areas to hemorrhage, and the yellowish 
gray opaque spots to necrosis. Usually all of these alterations were 
present, although occasionally some were inconspicuous. The spleen 
was moderately or greatly enlarged and was the site of similar altera- 
tions. A few lymph nodes, usually the cervical, were slightly or 
moderately enlarged; others were normal in size. The lungs showed 
small or extensive spotty areas of hemorrhage and occasionally yel- 
lowish gray tumor nodules. 

The microscopic findings in the mouse with the spontaneous disease, 
and in the first few subpassages, have already been mentioned. In 
the spontaneous disease and in mice of the second subpassage, the 
microscopic examination of the blood-forming organs showed collec- 
tions of mononuclear cells, resembling those seen in infectious gran- 
ulomata of man. Most of these monocjTes were not h}q)erchromatic 
(Fig. 6). The cytoplasm was abundant, pink staining, and the shape 
of the nucleus varied from vesicular to multilobed forms. In later 
passages these cells were few, whereas cells with larger hyperchromatic 
nuclei and relatively less but more basophilic cj’toplasm were present 
in larger numbers. The shape of the nucleus varied greathf from 
vesicular to multilobed forms, shown in Figs. 12, 13 and 1*7. The 
photographs do not faithfully reproduce the lobations of the nucleus 
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because the cells were so large that the nuclear shape could be ascer- 
tained only by focusing at different levels on the same cell. 

The infiltration in the liver was diffuse, usually with the formation 
of nodular tumor masses. The malignant cells often invaded vessels 
of medium size, almost completely occluding them. Mitotic figures 
were present in large numbers. Cells other than variants of the 
malignant monocytes were few in the tumor-like infiltrations. In 
the spleen the infiltration was equally extensive and almost completely 
replaced the pulp. A small amount of lymphoid tissue and of granulo- 
blastic and erythrogenic foci often persisted about the follicles and 
trabeculae. In mice that died at an early stage of the disease the 
infiltration was limited to the splenic pulp. The infiltration in the 
lymph nodes was scant or often absent. It formed nodular growths 
that first appeared about the lymph sinuses. The degree of involve- 
ment of the bone marrow was variable, being usually scant. In an 
occasional instance the greater part of the femoral marrow in the 
sections examined was replaced by neoplastic cells. In the first few 
subpassages a tendency to stimulate connective tissue growth was 
noted; this was less conspicuous in the course of the later passages. 
When introduced into the subcutaneous tissue the malignant cells 
either produced no gross alterations or a small tumor measuring 
from 2 to 5 mm. in the greatest diameter, and the mice died with 
extensive metastases in the blood-forming tissues, similar in appear- 
ance to those found in mice that had been injected intravenously. 
Microscopic examination of these subcutaneous growths showed that 
there was invasion of the skin and subcutaneous tissue by malignant 
cells, with extensive areas of hemorrhage and necrosis. 

In 2 mice a chronic disease was produced by the introduction of a tissue 
culture 12 days old into the subcutaneous tissue. When killed 125 days after the 
injection one mouse had a small nodular growth at the site of injection, measuring 
approximately 8 mm. in greatest diameter and there was no evidence of infiltration 
in the internal organs. The second mouse that died 125 days after the injection 
had, in addition to a similar local growth, a generalized neoplasm with tumor 
nodes composed of monocytes, many of which resembled the less hj'perchromatic 
type of cell seen in the spontaneous disease and in the earlier passages. 

The malignant cell evidently may assume many different forms 
(Figs. 3, 6, 7, 12, 13, 17). Giant ceils like those seen in Hodgkin’s 
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disease were found in large numbers in occasional mice (Fig. 13). 
The factors that determine the morphological characteristics of the 
malignant cells of the strain require further study. 

Occasionally in mice in which the disease had a relatively long con- 
tinued course there was slight or moderate fibrosis in the tumor-Mke 
infiltrations. In sections of these lesions stained with Foot’s mocfifi- 
cation of Masson’s trichrome stain there was a moderate amount of 
green staining amorphous material with occasional fibrils between the 
neoplastic cells. In sections stained with Foot’s stain for reticulum 
a moderate number of reticular fibers were seen between the neo- 
plastic cells. 

Alterations in the Blood Picture 

In spite of advanced invasion of medium sized vessels of the liver 
by malignant histiocytes, these cells were present in the circulating 
blood in only small numbers. In the blood smear of 10 mice that 
were x-rayed before inoculation the percentage of presumably malig- 
nant monocytes varied at the height of the disease from 0 to 37 with 
an average of 10.4 per cent and in 10 not x-rayed mice from 0 to 23 
with an average of 3.5 per cent. The malignant monocytes differed 
from normal monocytes mainly by the large size of the nucleus and 
basophilia of the cytoplasm. Cytoplasmic granules were not seen, 
with the exception of occasional fine azurophile granules, and the 
cells did not give the oxydase reaction. Similar cells are usually 
designated as monoblasts. In fixed preparations many of these 
large mononuclear cells became smudged but were still recognizable 
by the outline of the large nucleus and by intensely basophilic cyto- 
plasm. Touch preparations of infiltrated organs contained these 
cells in large numbers. The total leukocyte count was only slightly 
elevated. An occasional conspicuous rise of the leukocyte count was 
due to associated leukocytosis. Table II gives examples of the blood 
counts during the course of this disease. The largest number of 
malignant cells was found in mouse CRf 65. 

Characteristics of the Malignant Cells 

The bcha\aor of histiocj^tes in tissue cultures (1) is highly char- 
acteristic. Whether derived from the brain (microglia cells) or liver 
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(Kupffer cells) or from the blood (monocytes), these cells migrate 
into the explant and assume at first the form of the resting microglia 
cell of the brain; they become transformed into epithelioid cells or 
fat-laden round cells (the compound granular corpuscle), may form 

TABLE n 


Blood Counts of Mice With Histiocytomatosis and of Control Mice 


Mouse No. 

Date of 

Red cell count in mil- 
lions 

White cell count in 
thousands 

niHercntial count 

Irradiation 

Injection 

t 

r 

C 

*5 

e 

V 

i 

3 

< 

Lymphocytes 

Polynuclears 

Monocytes 

Mali^ant 

cdls 

1) 

*5? 

3 

"o 

Q 

P 

Preserved 

Smudged 

CRf 58 (kiUed 

5/1 11 

5/11 

B 

12.9 

IB 

59 

39 

1 

0 

0 

1 

S/26) 




10.5 

9.1 

37 

60 

1 

0 

2 

0 




5/26 

8.6 

11.4 

39 

32 

8 

15 

3 

3 

CRf 59 (killed 

5/11 

5/11 

5/16 

9.6 

2.0 

S3 

40 

5 

0 

0 

2 

6/7) 



5/24 

12.6 

9.1 

22 

66 

6 

0 

0 

6 




5/31 

9.0 

38.8 

11 

75 

8 

3 

0 

3 




6/7 

7.0 

13.1 

12 

46 

5 

10 

15 

12 

CRf 65 (kUled 

5/11 

5/11 

6/1 

7.4 

76.2 

20 

30 

4 

25 

12 

9 

6/1) 








1 





CRf 62 

5/11 

B 

5/16 

7.4 

2.5 

58 

33 

4 

0 

0 

5 




5/24 

7.8 

3.1 

78 

20 

2 

0 

0 

0 



B 

6/7 

8.2 

4.1 

20 

74 

4 

0 

0 

2 

Rf 706 (died 

5/26 

H 

5/26 

8.8 

16.0 

44 

SO 

6 

0 

0 

0 

6/11) 


■ 

6/2 

10.0 

13.0 

59 

35 

6 

0 

0 

0 




6/9 

6.9 

51.8 

30 

57 

10 

0 

0 

3 

CRf 34 and 35 

B 

H 

♦ 


8.4 

8.2 

55 

42 

2 

0 

0 

2 


* Average of 6 counts made at from 3 to 7 day intervals on these 2 mice. 


multinudeated giant cells of the foreign body type, and may be 
actively phagocytic. They are not transformed into an}’’ other type 
of blood cell or into fibroblasts. 

The malignant mononuclear cell of a transmissible neoplastic 
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disease of mice preAdously described (6) had many of the character- 
istics of monocytes and formed in tissue cultures peculiar multinudear 
giant cells. In vitro the malignant monocytes described in the present 
communication, behaved in a characteristic manner. Unlike fibro- 
blasts and endothelial cells they did not anastomose, but like blood 
cells migrated singly from the explant. The cytoplasm became 
elongated with bulky bulbous projections. The microglia-like forms 
with slender, long drawn out and branching processes usually seen 
in cultures of normal monocytes were not observed. The shape 
of the nuclei did not deviate conspicuously from that seen in sections 
of the blood-forming organs of animals with this neoplasm (Figs. 
8-11). In an occasional culture the cells were somewhat spindle- 
shaped but did not form a reticular network. The large number of 
mitotic figures, as many as six in a high power field, seen occasionally 
in cultures of the huffy coat, was evidence that these cells proliferated 
by mitotic division. The morphologic appearance of these cells 
in tissue cultures was less variable than that of normal monocytes. 

Lewis (7) compared the malignant monocytes of strain Bib 385 
with those of strain C 57 which she has recently isolated. She ob- 
served that the characteristic cell of strain Rfb 385 behaved more like 
a large macrophage that had become malignant, while that of mono- 
cytoma C 57 was more like an epithelioid cell that had taken on can- 
cerous properties. Besides the specific cell, both lesions contained 
some cells of the monocyte, macrophage, and epithelioid cell type. 

Phagocytosis . — One of the significant characteristics of the various 
forms of monocytes is their power of phagocytosis. Phagocytosis 
by the malignant cells of this strain was studied both in vivo and 
in vitro. 

Normal and leukemic mice were given repeated intravenous injec- 
tions of India ink and the animals were killed a few hours after the 
first injection. The Kupffer cells in the liver of the normal mice 
were studded with carbon particles. In the normal spleen the pres- 
ence of a perifollicular zone formed by phagocjles was noted in all 
sections. Phagocjaic mononuclear cells were less numerous in the 
pulp than in this perifollicular zone. Phagocj'tes were scant in the 
fod of myeloid metaplasia present in many normal spleens. 
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S 2 and tend to form giant cells -with lobed nuclei. The numerous mitotic figures 
among these cells and their invasion of fatty tissue in absence of other cells strongly 
support the view that monocytic leukemia of man is the result of unrestricted 
multiplication of monocytes. No. 680 of this collection diagnosed by two com- 
petent pathologists as reticular cell sarcoma and by another as Hodgkin’s sarcoma, 
is an example of histiocytic neoplasm with no blood involvement. This neoplasm 
is characterized by monocyte-like cells whose nuclei are often indented or lobed or 
convoluted; these cells form multinuclear giant cells resembling those of strain 
S 2. No. 637 of the Lymphatic Registry is characterized by similar cells. 

Downey (12) has described several cases of monocytic leukemia and his colored 
figures (Nos. 17 to 25) illustrating these malignant human monocytes resemble the 
malignant monocytes of strain Rib 385 so closely that these cells from men and 
mice can barely be distinguished. 

Autopsies have been performed in recent years in this department on two 
human cases of this type of neoplasm and Figs. 14 to 16 illustrate the malignant 
cells in them. 

Neoplastic cells like those shown in Fig. 16 infiltrated the skin of a woman 36 
years old causing swelling and redness in focal areas. The blood picture was not 
significantly altered. The spleen and lymph nodes were not enlarged. The 
postmortem diagnosis" was reticulo-endothelial (retothelial) sarcoma with in- 
volvement of skin, l)'mph nodes, tonsils (Fig. 16), spleen (weight, 680 gm.), bone 
marrow, mesenteric, omental and retroperitoneal tissues, pleurae, trachea, bronchi 
and gastro-intestinal tract. The cells infiltrating these structures had a large 
vesicular and slightly indented or lobed hypercliromatic nucleus. A nucleolus 
was present in only a few cells. The cytoplasm was moderately abundant and 
the relation of nucleus and cytoplasm varied greatly. Occasional cells had two 
nuclei. Eosinophiles were present in small numbers and slight fibrosis occurred 
at the site of occasional infiltrations. In a section stained with silver nitrate there 
was a variable and usually moderate amount of reticulum among the tumor cells. 
The observation that there is in a few places little if any reticulum between large 
groups of cells suggests the possibility that much of the reticulum is derived from 
preexisting reticulum. 

The cells in Figs. 14 and 15 illustrate the malignant cells in a neoplasm of a 
man 37 years old^ diagnosed as round cell sarcoma with involvement of the spleen, 
of the stomach with extensive necrosis and ulceration, of the intestinal tract with 
hemorrhage into the lumen. The malignant cells in this case (Figs. 14 and 15) 
resemble the neoplastic histiocytes of mice of strain Rfb 385 (Fig. 17). Both arc 
large round cells with large hyperchromatic vesicular and indented or lobed nuclei 
and a moderate amount of slightly basophilic cytoplasm. The disease in both 
instances is characterized by an unrestricted growth of these cells. 


- l\Iade by Dr. Lawrence Smith. 

* Autopsy performed by Dr. J. W. HaU. 
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DISCUSSION 

Relation of Histiocytes to Other Cells— It is beyond the scope of 
this work to review the different opinions on this highly controversial 
subject; this has been done recently by Forkner (10), Jaffe (11), 
Downey (12), Hadfield and Garrod (13) and others. It seenas desir- 
able, however, to summarize the author’s opinion based on a critical 
study of the literature and on experiments of his own. 

The eristence in the adult organism of an ancestral cell of the mesenchyme 
■which gives rise to the well recognized cells of the bone marrow and blood is now 
almost universaEy accepted. These cells are believed to form the framework of 
the blood-forming organs, and according to Maximow, the main exponent of this 
■view, produce monocytes. This supposition, based on observations of fixed and 
stained preparations, has to be reconsidered in the light of recent studies of cells 
in the living state. Clark and Clark (8 a) observed that histiocytes develop in 
the tissue of the tail of transparent axolotl larvae from an undifferentiated strand 
of primitive mesoderm ventral to the notochord at the same time as do other 
varieties of early connective tissue cells. They have observed furthermore the 
increase of histiocytes by mitotic division buthave not seen them change into any 
other form of blood or tissue cell. The source of monocytes in later life, they 
suggest, must be looked for in some speciaffzed region. 

The opinion that monocytes arise from lymphocytes has been discussed else- 
where (1 b), and in accordance with the observations of Clark and Clark and 
Lewis and Lewis the conclusion has been reached that lymphocy^tes do not form 
monocytes. 

Although there is ample evidence indicating that histiocytes are derived from 
histiocytes and pure cultures of them have been grorni in vitro by numerous 
workers, their derivation from other cells during postembry^onal life and their 
ability to form fibroblasts is doubtful. 

In sections of mice that had been injected -with India ink the phagocyUic cells 
containing carbon particles are scattered about the lymphoid follicles and in the 
pulp and appear to line the blood sinuses of the liver and spleen; but it is question- 
able if histiocytes are identical with the lining cells of these blood sinuses. 

Our studies made in association with Dunning and those of other investigators 
quoted indicate that Kupffer cells are not identical with the endothelium of the 
sinusoids of the liver. The studies of Eliot (14) are of unusual interest in this 
connection. She injected into the veins of rabbits monocytes that had phago- 
cy-tosed carmine particles and found that these cells became established about the 
sinusoids of the liver and were indistinguishable from normal Kupffer ceUs. These 
studies have been confirmed by dc Haan and Hoekstra (15). The experiments of 
Rous and Beard (16), on the other hand, indicate that monocytes, histiocytes and 
Kupffer cells, although genetically related, differ morphologically to no slight 
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extent as also in physical properties, e.g. stickiness, and in ability to survive out- 
side the body. 

MacCallum (c/ . 8 b) and several other workers found that endothelium possesses 
phagocytic ability and Clark and Clark (8 b) observed in the transparent tails of 
tadpoles phagocytosis of carmine and carbon particles by connective tissue and 
endothelial cells. Direct observations made upon living tissue by Clark and Clark 
(8 c) indicate that endothelial cells do not form monocytes and the contradictory 
reports of several workers, reviewed by Clark and Clark, are not convincing. 

In sections a sharp diflferentiation of endothelial cells from phagocytic mono- 
nuclear cells such as Kupffer cells is not possible. In tissue cultures, on the other 
hand, the two types of cells, histiocytes and fibroblast-like (endothelial cells and 
fibroblasts), can usually be distinguished. Differentiation of endothelial cells 
and fibroblasts in tissue cultures, we believe, is uncertain. We have noted in the 
cultures of the buffy coat of the blood of animals that received intravenous injec- 
tions of India ink all forms of phagocytic cells that were present in the cultures 
of the spleen of the same animals. Phagocytosis by fibroblast-like cells was in- 
conspicuous. Histiocytes and fibroblast-like cells have been grown separately 
in pure cultures by several investigators; a few of them have stated on insufficient 
evidence that there is occasionally transformation of one cell type into the other 
(c/. 17). Direct observation of cells in the transparent cliamber of the rabbit’s ear 
by Clark and his associates and numerous studies on the behavior of histiocytes in 
tissue cultures indicate tliat endothelial cells are not related to histiocytes and sug- 
gest that histiocytes are not able to form a sinusoid or an anastomosing network of 
tissue. It seems more likely that fibroblasts and endothelial cells form the 
permanent framework of the blood-forming organs and about these cells are large 
numbers of motile histiocytes. Both lymphocytes and monocytes seem to be 
independent self-perpetuating strains of cells (c/, Lewis, 8 b). 

Neoplasms of Histiocytes . — If monocytes are capable of perpetuating 
themselves by mitotic division it is possible that they can undergo 
malignant transformation and undoubted cases of such neoplasms 
are on record {cf. 12). These may occur in the form of solitary tumors 
(histiocytoma) or as a systemic disease (histiocytomatosis) involving 
mainly the blood-forming organs with or with no leukemia. Most 
human neoplasms of liistiocytes have been described under the term 
reticulum cell sarcoma or reticulosis, leukemic and aleukemic {cf. 
Krumbhaar, IS) but since the relation of histiocytes to reticulum 
fibers and to the reticular fibroblast-like cells of the blood-forming 
organs is obscure tlois terminology is not desirable. 

The origin of the reticulum of sarcoma has not been definitely established 
{cf. Arey, 19) . The reticulum of sarcoma may be remnant of pree.tisting reticulum 
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or it may be newly formed by either the stroma cells or the neoplastic cells them- 
selves. Schwann, Flemming and others derive reticulum from the ectoplasm of 
cells; Henle, KoeUiker and others from a semifluid amorphous substance secreted 
by the cell. Some more recent workers assume that an enzyme of the fibroblasts 
passing into the surrounding fluid jelly is responsible for fibril formation but others 
attribute it to a coagulation process in the intercellular substance and ascribe no 
specific r61e to the fibroblasts (cf. Arey, 19). There is not enough evidence that 
quantity or appearance of reticulum characterizes a distinct type of neoplasm that 
could be named reticulum cell sarcoma. Our studies do not support the opinion 
that the reticular fibroblast-like cells of l 3 rmphoid tumors are neoplastic elements 
of the growth (20). They indicate that lymphoid, myeloid and monocytic 
leukemias are the result of unrestricted proliferation of lymphocytes, immature 
myeloid cells and monocytes, respectively. 

For the reasons given it seems desirable to abandon the term retic- 
ulum cell sarcoma and name the solitary growth of histiocytes histio- 
cytoma or monocytoma, and the systemic disease histiocytomatosis 
or monocytomatosis. Either may be leukemic or aleukemic. The 
transmissible neoplasm here described is sometimes aleukemic and 
sometimes leukemic but with small numbers of malignant cells in 
the peripheral blood. Monocytic leukemia may be substituted for 
the cumbersome term leukemic histiocytomatosis. 

The Relation of This Transmissible Histiocytoma of Mice to Hodgkin's 
Disease. — ^The available evidence is not suflSdent to prove that Hodg- 
kin’s disease is neoplastic in nature although its characteristics strongly 
suggest this view. A disease exactly like it has not been found in 
animals, and the experience gained in the study of transmissible 
neoplasms of animals including those produced by viruses does not 
eluddate the morphological characteristics of Hodgkin’s disease. 

Nevertheless, there are certain similarities between Hodgkin’s 
disease and the neoplasm of mice described here. 

Both may have granuloma-like characters though they are readily distinguish- 
able. In the mouse with the spontaneous disease and in a few instances of the 
transmitted disease there was in the blood-forming organs a focal and diffuse 
overgrowth by large mononuclear cells like histioc>'tes among and about which 
were Ijmphoid cells in variable numbers. Among the mononuclear cells were 
occasional giant cells; plasma cells and cosinophiles were seen in a few places. 
There were areas of necrosis and an increase of fibrous connectiv'e tissue in some of 
the foci of infiltrations. In the course of successive passages the pleomorphic 
characteristics of these alterations disappeared almost completely and the trans- 
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missible strain changed into a disease unquestionably neoplastic. It is well known 
that the lesions in Hodgkin’s disease are sometimes pluriceUuIar and granuloma- 
like, sometimes monocellular characterized by an overgrowth of large mononuclear 
cells with giant cells named after Sternberg and Reed. Similar giant cells occur 
in the mouse neoplasm. 

Occasionally a tumor definable by one pathologist as a histiocytoma has been 
designated Hodgkin’s disease by another, e.g. No. 680 of the Lymphatic Registry 
already cited. Moreover, Doan and Weisman (21) have pointed out that cases 
that are clinically monocytic leukemia may possess the anatomical characteristics 
of Hodgkin’s disease. 

The mononuclear cells of Hodgkin’s disease are not known to be phagocytic. 
Phagocytic ability of the malignant mononuclear cells of this strain Rfb 385 could 
be demonstrated only by special tests. It is noteworthy that India ink injected 
intravenously into mice with this neoplasm was taken up almost exclusively by 
normal histiocytes. 

The mononuclear cells of Hodgkin’s disease do not appear in tlie blood but the 
malignant mononuclear cells of this neoplastic disease of mice are in many instances 
present in the blood in small numbers during the terminal stage of the disease. 

The transmissible disease here described is characterized by prolifer- 
ation of mononuclear cells which resemble the monocytes of the 
blood. Proliferation of these malignant monocytes is occasionally 
associated with stimulation of other cells when the disease is gran- 
uloma-like and resembles Hodgkin’s disease but is not identical with 
it; more often the growth of these cells is unaccompanied by those of 
other cells, the malignant cells appear in the blood in small numbers, 
and the disease closely resembles monocytic leukemia. 

SUMMARY AND CONCLUSIONS 

A transmissible neoplasm of mice characterized by malignant cells 
resembling histiocytes (monocytes) is described. The morpholog}’^ 
of these cells and the microscopic appearance of the lesions are similar 
to those of human neoplasms formed by histiocytes. 

The malignant histiocytes form tumor-like masses in the liver 
and spleen and infiltrate these and other tissues. They are present 
in small numbers in the blood of many mice when the disease is far 
advanced. The malignant cells have scant phagocytic ability. The 
fixed cells of the host (endothelial cells and fibroblasts) have no sig- 
nificant part in the production of the lesions of the disease. 

Transmission is readily accomplished when material containing 
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the malignant histiocytes is used for inoculations, but fails in their 
absence. Attempts to demonstrate a cell-free transmitting agent 
have been unsuccessful. 
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EXPLANATION OF PLATES 

The sections were stained with hematoxylin and eosin. The blood smears 
were stained with Wright and Giemsa solution. The magnifications given are 
approximate. 

Plate 5 

Fig. 1. Transmitted monocytomatosis with greatly enlarged liver and spleen. 
These organs are spotted with areas of hemorrhage. 

Fig. 2. Transmitted monocytomatosis with numerous partly confluent grayish 
tumor nodules in the liver. 

Fig. 3. Granuloma-like infiltrations in the spleen compressing tlie pulp in the 
mouse with spontaneous monocytomatosis (Rfb 385). X 250. 
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PLATE 6 



(f u:lh: c! mon-x-Xt 



Plate 6 


Fig. 4. Portal infiltration in the liver of a mouse with the spontaneous mono- 
cytomatosis (Rfb 385); the cells resemble those that infiltrate the spleen. X 75. 

Fig. S. Focal infiltration of the bone marrow with mononuclear cells and early 
fibrosis in the same mouse. X 150. 

Fig. 6. Infiltration by large mononuclear cells with abundant, slightly hyper- 
chromatic cytoplasm in the lymph node of a mouse of the second passage. X 350. 

Fig. 7. Infiltration similar to that shown by Fig. 6, but with more hyper- 
chromatic mononuclear cells, some of which are phagocytic, in a lymph node of a 
mouse of the third passage. X 400. 



















Plate 7 


Fig. 8. 3 days old tissue culture of the huffy coat of blood of a mouse with 
monocytomatosis, that received intravenous injections of India ink. The black 
granules in the cytoplasm of the cells are phagocytosed particles of India ink. 
X 400. 

Fig. 9. Touch preparation of the liver showing numerous malignant mono- 
nuclear cells. X 1000. 

Figs. 10 and 11. Malignant mononuclear cells in a blood smear of a mouse that 
received intravenous injection of India ink. The black granules in the cj’toplasm 
are those of India ink. X 1000. 

Fig. 12. High magnification of the malignant cells in a tumor-like infiltration 
in the liver (fifth passage). There is a giant cell in the field. X 800. 

Fig. 13. Microscopic section of a tumor-like nodule in the liver of a mouse with 
transmitted leukemia (third passage), showing numerous giant cells. X 400. 
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Plate 8 


Figs. 14 and 15. The malignant cells of human round cell sarcoma or histiocy- 
toma infiltrating the jejunum. Fig. 14, X 800; Fig. 15, X 1000. 

Fig. 16. The malignant cells of human histiocytoma infiltrating tlie tonsil. 
X 800. 

Fig. 17. The malignant mononuclear cells of transmitted mouse histiocytoma 
(second passage) infiltrating the liver. X 800. 
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INFECTIOUS MYXOMATOSIS OF RABBITS 
Studies oe a Soluble Antigen Associated ivith the Disease 

By THOMAS M. RIVERS, M.D., S. M. WARD, and JOSEPH E. SMADEL, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, August 1, 1938) 

The occurrence of a soluble, serologically active substance in 
materials from rabbits with infectious myxomatosis has been reported 
(1) ; both serum and extracts of infected skin, obtained from animals 
acutely ill with the disease and freed from virus by filtration, contain a 
precipitinogen which reacts specifically with serum of animals re- 
covered from fibroma and myxoma. Study on this soluble substance 
or substances has been continued in the hope of learning its signifi- 
cance in myxomatosis, viz., what part it plays in the production of 
immunity to infection and in the excitation of neutralizing, precipitat- 
ing and agglutinating antibodies. Such an investigation would ob- 
viously be simplified if the precipitinogen were free from serologically 
inert material. The purpose of the present paper is to record the effect 
of certain physical, chemical, and biological agents on the precipitin- 
ogen and to indicate the direction in which purification may be pur- 
sued. In addition, observations on the immunological and serological 
phenomena associated with the partially purified antigen are pre- 
sented. 

Materials and Methods 

Filtered Extract of Infected Skin. — ^Rabbits inoculated intradermally in nu- 
ffletous sites over the backs and flanks with a bacteriologically sterile emulsion of 
infectious skin are sacrificed, generally on the 6th day, when the resulting lesions 
nrc fully developed but not yet necrotic. The skin is macerated in a meat grinder. 
Covered with physiological salt solution, and stored at 0°C. Ether is added to 
prevent bacterial growth. After periods, varj'ing from several days to several 
months, the fluid is cleared of large particles and passed through a Seitz filter. 
Filtration is alwaj’s slow. The filtrate is a reddish brown, highly viscous solution, 
uch in the mucoid material tj'pically present in lesions produced by the A-irus 
nf myxoma. 
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Dermal Filtrate.—AnotYier kind of filtrate is obtained, as previously described 
by Rivers and Ward (1), in the preparation of suspensions of purified elementary’' 
bodies of myxoma from dermal pulp of rabbits infected by means of scarification. 
The infected skin is scraped while covered with dilute disodium phosphate-citric 
acid buffer solution, pH 7.2, and the resultant suspension, after preliminary 
horizontal centrifugation, is spun in an angle centrifuge. The supernatant fluid, 
removed from the sedimented elementary bodies, is passed through a Seitz filter. 
The filtrate is a clear, slightly yellow fluid. 

Fillrate of Serum. — A third source of soluble antigen is the serum of rabbits 
acutely ill with myxoma as a result of extensive infection of the skin. Serum is 
separated from blood, obtained by cardiac puncture on the Sth or 6th day after 
inoculation, and filtered through a Seitz pad. 

Immune Sera. — Sera collected from rabbits which had been repeatedly inocu- 
lated with my’xoma virus after recovery from an infection with fibroma -vurus (1) 
have been pooled and used in a dilution of 1:8 for precipitin reactions. Con- 
valescent serum from a rabbit which survived an attack of myxomatosis that 
resulted from infection by contact was also used; this serum was supplied by Dr. 
R. F. Parker. The specificity of serological reactions has been controlled by use 
of sera from normal rabbits or from rabbits recovered from a vaccinal infection. 

Precipitin and Agslulinin Reactions. — ^Precipitin and agglutinin reactions have 
been conducted as previously described (1): graded dilutions of soluble antigenic 
material to be tested were mixed with constant amounts of diluted immune or 
control sera; for the agglutination tests graded dilutions of serum were added to a 
properly diluted suspension of elementary bodies. All mixtures were incubated 
in closed racks overnight at 50°C. 


EXPERIMENTAL 

Filtrates prepared in the manner described are free from virus but 
contain soluble material or materials which precipitate in the pres- 
ence of immune sera. Different preparations vary in their content of 
soluble antigen and in general a lower titer is obtained with dermal 
filtrate than with filtered extract of skin or with filtered serum. Con- 
sequently, most of the work has been conducted on the serologically 
active material derived from the last two sources. Experience with 
all three types of filtrate, however, both freshly prepared and after 
storage, indicates that there is a common or closely related antigen 
in each. 

Effect of Physical, Chemical, and Biological Agents on the Soluble 

M atcrial 

The occurrence of soluble antigen or antigens, separate from infec- 
tious agents, has been noted in connection ■with bacteriophagy (2), 
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yellow fever (3), vaccinia (4), psittacosis (5), influenza (6), and myxo- 
matosis (1). A soluble antigen that is either completely or almost 
completely resistant to inactivation at a temperature of 50-56°C. has 
been described in all the virus diseases mentioned except m 3 ^oma. A 
second soluble antigen, which is inactivated at a temperature of 50°C. 
is present in filtrates made from tissues infected with vaccine virus. 
In view of these facts, an investigation of the stability of the soluble 
antigen or antigens of m 3 rxoma was indicated and the effect of heat 
was examined first. 

Small amounts of a filtrate were placed in separate tubes, raised to the tempera- 
ture desired, allowed to remain at that temperature in a water bath for different 
periods of time, and then cooled rapidly. Frequently, considerable opalescence 
appeared in the contents of tubes incubated at relatively high temperatures. 
'When this occurred, the precipitate was removed before tests were made for the 
presence or absence of serologically active material in the supernatant fluids. 
In Table I the results of typical experiments with all three types of active filtrate- 
are summarized. 

It is apparent from Table I that the precipitinogen is usually inac- 
tivated by a temperature of 56°C. for 1 hour; at times it may be inac- 
tivated in 15 minutes. No heat-stable soluble antigen separable from 
the virus has been found in myxoma and in that respect it differs from 
other virus diseases studied. This lability renders impossible the 
purification of the active principle through coagulation of serologically 
inert protein by means of heat. 

The range of hydrogen ion concentrations in w'hich the precipitin- 
ogen retains its activity was next investigated. 

The nature of filtrates derived from macerated skin and from serum is such 
that the hydrogen ion concentration cannot be changed readily by the use of 
buffer solutions. Adjustment of the pH is accomplished, therefore, by addition 
of normal or tenth-normal NaOH and HCl. The accurac>' of colorimetric methods 
■which have been used as routine in the estimation of pH values was controlled on 
several occasions bj' determinations -with a glass electrode. 

Samples of 5 cc. of filtered serum were placed in separate tubes and adjusted 
to pH 3.0, 4.0, 4.5, 5.0, 7.0, and 9.0, respectively, by addition of appropriate 
amounts of normal HCl or NaOH solutions. The tubes were stored at -f5°C. 
lor 2 hours, and then spun in an angle centrifuge for 1 hour at 0°C. to remove 
the slight precipitates which had formed in the tubes at pH 4.0, 4.5, and 5.0. 
The supernatant fluids were readjusted to pH 7.0 and brought to equal volumes 
(8.0 cc.) -with physiological saline solution. Results arc summarized in Table H. 
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The results recorded in Table II show that activity of the pre- 
cipitinogen in filtered serum was lost at pH 3.0, and slightly decreased 

TABLE I 


Effect of Heat on Serological Actimty of Soluble Antigen of Myxoma 


Type of filtrate 

Temp. 

Time 

exposed 

Dilution of antigen 

1:2 

1:4 

1:8 

1:16 

1:32 

1:64 


“C. 








Extract of skin 

37 

Ihr. 

++++, 

+d-+d- 

d-d-d- 





56 

15 min. 

++++ 

++++ 

± 


— 



56 

Ihr. 

db 

— 

— 


— 



Un 

treated 

++++ 

++d- 





. Filtrate of serum 

37 

1 hr. 

± 

d: 

d-d-d-d- 

-f-fd”h 

d-d-d-d- 

± 


56 

15 min. 


± 

— 

— 

— 

— 


56 

30 min. 

— 

— 

— 

— 

— 

— 


Un 

treated 


+ 

d-d-d-d- 

d-d- d-d- 

d-hd-d- 


Dermal filtrate 

56 

1 hr. 

... 







Untreated 

d— 1*+ 

d-d-d- 

d-d-d- 

-l"i- 

— 



Fibromyxoma serum used throughout in dilution 1 :8. 
-f-’s indicate degree of precipitation. 


TABLE n 


Serological Activity of Filtered Serum, Obtained froin Acutely III Myxomatous 
Rabbits, after 4 Hours at Various Hydrogen Ion Concentrations 


pH 

Dilution of antigen 

1:4 

1:8 

1:16 

1:32 

1:64 

3.0 

db 

— 1 

— 

— 

_ 

4.0 

d-d-d-d- 

-hd--}--!- 

d-d- 



4.5 

d-d- d-d- 

d-d-d-d- 

d-d-d-d- 

— 

— 

5.0 

d-d-d-d- 

d-d-d-d- 

-fd— hd- 

d-d- 

— 

7.0 

d- 

d-d-d-d- 

d-d-d-d- 

d-d-d-d- 

dz 

9.0 

d-d-d-d- 

d-d-d-d- 

d-d- d-d- 

d-d-d- 

~ 


Fibromyxoma serum used throughout in dilution 1 :8. 
d-’s indicate degree of predpitation. 


at pH 4.0 and 4.5, but that between pH 5.0 and 9.0 little change oc- 
curred. Similar results have been obtained with filtered extracts of 
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infected skin in wbick the antigen is only slightly affected by remain- 
ing overnight at pH 4.0 at 0°C.; however, a dark brown inactive 
precipitate formed which could be removed as shown in experiments 
on purification. 

A precipitate which forms between pH 4.0 and 5.0, and which is 
greatest in amount at about pH 4.5, appears to be different from the 
one just mentioned. This material is readily soluble when the pH 
is changed either to below 4.0 or above 5.0, but if it is removed and 
washed with saline buffered at pH 4.5 only a small part redissolves at 
pH 7.0. The experiment detailed below and recorded in Table III 
indicates that at pH 4.5 some active material is precipitated but that 
the supernatant fluid also retains activity. 

One of two 5 cc. samples of filtered extract of infected skin was adjusted to pH 
4.0 and the other to pH 4.5 by addition of small amounts of half-normal HCl. 
A precipitate appeared immediately in each sample but was coarser and heavier 
at pH 4.5. The precipitates were removed after the mixtures had remained for 
2 hours at + 5°C. and each was washed 3 times with physiological saline solution 
bufiered at pH 4.0 and 4.5 respectively. The washed sediments were resuspended 
in physiological saline solution, pH 7.0; only a small part of each sediment went 
into solution and the residues, which were insoluble, were discarded. The original 
supernatant fluids containing the components of the filtrate of skin which were 
soluble at pH 4.0 and 4.5 were restored to pH 7.0 by means of small amounts of 
half-normal NaOH. Since the final volumes of the four samples were unequal. 
Table IH indicates only approximate titers. 


These investigations and others on the behavior of the precipitin- 
ogen in acid and alkaline solutions suggest that the isoelectric pomt 
of the active material is near pH 4.5. However, experiments reported 
so far were conducted only in solutions containing normal concentra- 
tions of salt; hence, the effect of change in concentration of electrolytes 
became of interest. A preliminar>' experiment showed that the 
specific substance precipitates completely in a half saturated solution 
of ammonium sulfate. Smaller concentrations of ammonium sulfate 
have not been effective in completely precipitating the active prin- 
ciple when filtrates are treated at pH 7.0. However, the e.xperiment 
detailed below shows that 30 per cent saturation of ammonium sulfate 
at pH 4.5 does completely predpitate it. 


cc. of filtered extract of infected skin (titer 1:32) which had been partially 
punfied by removal of material insoluble at pH 4.0 and by remo%-al of the albumin 
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fraction by means of ammonium sulfate were divided into two equal portions; 
one was adjusted to pH 4.5, the other was kept at pH 7.0. Sufficient saturated 
ammonium sulfate solution was added to bring the concentration in each portion 
of filtrate to 30 per cent. A precipitate appeared in both samples immediately, 
but, after standing at +5°C. overnight, the sample at pH 4.5 was observed to 
have a heavy precipitate in a yellowish supernatant fluid while that at pH 7.0 
had a moderate precipitate in a reddish brown supernatant fluid. Both sedi- 
ments were removed by centrifugation and dissolved in dilute buffer solution. 
The redissolved sediments and both supernatant fluids were brought to pH 7.0 
and dialyzed overnight against running water. The final volume of each of the 
supernatant fluids after dialysis was 115 cc. The material precipitated by 30 

TABLE III 


Serological Activity of Soluble and Insoluble Fractions of Filtered Extract of Infected 

Skin Obtained at pH 4.0 and 4.5 


1 

pH 

Fraction 

Dilution of antigen 

Undiluted 

1:2 

1:4 

1:8 

1:1S 

4.0 

Soluble 

H — 1 — h-b 

++++ 

++-l”b 

-f-b 

± 


Insoluble 

— 

— 

— 

— 

— 

4.5 

Soluble 

+ -1-++ 

+ + + + 

4-b+-l* 

— 

— 


Insoluble 

+ ++-+- 

+ 


— 

— 

7.0 

Untreated 

+++ 

+ + + -1- 

-b-b++ 

-b++-b 



Fibromyxoma serum used throughout in dilution 1 :8. 

-f ’s indicate degree of precipitation. 

See text for preparation and use of fractions in the reactions. 


per cent saturation of ammonium sulfate at pH 4.5 was contained in 24.5 cc., 
while that precipitated at pH 7.0 was in 11 cc. 

Results of titration of the four fluids obtained in the above experi- 
ment are given in Table IV. Most of the active principle remains 
soluble in a concentration of 30 per cent saturated ammonium sulfate 
at pH 7.0, but at pH 4.5 practically all of it is precipitated. This is 
additional evidence that the isoelectric point of the active principle 
is near pH 4.5. 

It has been observed that the heat-stable antigen of vaccinia (S) 
remains soluble in 80 per cent alcohol when the reaction of the solu- 
tion is slightly acid, but is insoluble when the alcoholic solution is neu- 
tral (7). A similar behavior on the part of the soluble antigen of 
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myxoma would facilitate its separation from serologically inactive 
proteins which are present in all crude preparations and especially 
in extracts of skin. However, the antigen is completely precipitated 
in the cold, without inactivation, from serum and from extracts of 

TABLE IV 


Serological Aclivily of Soluble and Insoluble Fractions of Extract of Infected Skin 
Obtained by Treatment with 30 Per Cent Ammonium Sulfate at pE 4.5 and 7.0 


pH 

Fraction 

Dilution of antigen 

1:2 

1 1:4 

1:8 

1:16 

1:32 

1:64 

7.0 

Insoluble 

— 

++++ 

++++ 

++ 

— 

— 


Soluble 

++ 

++++ 

++++ 

++ 

— 

— 

4.5 

Insoluble 

— 


++++ 

++++ 

++++ 

+ 


Soluble 

— 

— 

± 

— 

— 

— 


Fibromyxoma serum used throughout in dilution 1:8. 

+’s indicate degree of precipitation. 

Sec text for preparation and use of fractions in the reactions. 


TABLE V 


Serological Activity of Filtered Scrum, Obtained from Acutely III Myxomatous 
Rabbits, after Contact with Formaldehyde {U.S.P.) for 18 Hours 


Formaidebyde 


Dilution of antigen 




1:2 

1:4 

1:8 

1:16 

1:32 

ter cent 

None 

+++ 

++++ 

++++ 



0.5 

+ 

++++ 

++++ 



1.0 

— 

++ 

4" 



2.0 

"" 




- 


Fibromyxoma scrum used throughout in dilution 1 :8. 
+’s indicate degree of precipitation. 


Formaldehyde was removed by dialysis before tests were performed. 

infected sldn by^the addition of 9 volumes of absolute alcohol either 
at pH 6.0 or at 7.2. Under these conditions the serologically inactive 
proteins as well as the active principle are precipitated. Acetone also 
precipitates the active fraction, but no appreciable separation from 
inert material is effected. 
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Trc3,tni6iit of the soluble substance with formaldehyde in concen- 
tration greater than 0.5 per cent leads to loss of activity (Table V). 

The effect on the antigen of a 5 per cent solution of cysteine h3^dro- 
chloride, which had been brought to pH 7.0, was investigated; tliis 
mild reducing agent does not inactivate filtrates after storage over- 
night at -{-5°C., nor does its presence prevent inactivation of the 
antigen by heat. 

The effect of a mixture of proteolytic enzymes, namely, commercial 
tr)^psin, on the activity of filtered serum and extract of infected skin 
was investigated. Diminution in the specific serological activity of 
the filtrates has not followed their treatment with 1 per cent active 
commercial trypsin which had been previously extracted with petrol 
ether and ethyl ether while in the dry state. 

Partial Purification of Soluble Antigen of Myxoma 

With tlie information recorded above at hand, namely, that the 
antigen can be partially separated from associated serologically inert 
material by methods of differential precipitation, based on its solubility 
at different pH values and in different concentrations of ammonium 
sulfate, we attempted to purify the soluble antigen in filtrates ob- 
tained from serum of infected animals and from extracts of infected 
skin. An experiment on the purification of the antigen from each 
type of filtrate will be presented in detail, after whicli the cliaracteris- 
tics of the resulting materials will be described. 

85 cc. of filtered serum, which had a precipitin titer of 1 :64, were mixed with 
an equal volume of saturated ammonium sulfate. The precipitate wliich formed 
was removed, dissolved in dilute buffer solution, and dialyzed against running 
water until tests were negative for sulfate ions. The small amount of flocculent 
precipitate which was present in the dialysate was washed in distilled water; 
only a part of this was soluble in physiological saline, and, because it was found 
to be onl}’' slightly active, the solution was discarded. Sufficient sodium chloride 
to make a physiological concentration was dissolved in the fraction containing 
the soluble dialysate. Then this fraction was adjusted to pH 4.5, after which 
sufficient ammonium sulfate was added to make a final concentration of 30 per 
cent. The precipitate which formed was removed after storage for 18 hours at 
-{-5°C., dissolved in dilute buffer solution at pH 7.0, and dialyzed overnight 
against running water. Again a slight precipitate appeared in the dialyzed 
solution; it was also discarded after it had been shown to possess only slight 
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serological acti-wty. A predpitin titration carried out -svith a small amount of 
the 56 cc. of solution obtained after dialysis gave approximately the same end- 
point as had the original filtrate of serum from infected animals. The solution 
was adjusted to pH 8.0 and 1 cc. of a 1 per cent solution of commercial trypsin 
which had been extracted with petrol ether and ethyl ether was added. After 
incubation at 37°C. for 1 hour and at +S“C. overnight, the solution was again 
predpitated at pH 4.5 in a concentration of ammonium sulfate equal to 30 per 
cent saturation in order to remove as much trypsin as possible. The resultant 
fine white precipitate was dissolved in dilute buffer solution, pH 7.2, and dialyzed 
until sulfate ions were no longer detectable; then it was desiccated from the 
frozen state. 0.5741 gm. of white powder were obtained. 

The dry antigen, purified in the manner described, dissolved completely in 
6 cc. of distilled water forming an opalescent solution; then sxiffident sodium 
chloride was added to make a physiological solution. The precipitin titer of this 
solution, calculated on the basis of the above dry weight of partially purified 
material, was approximately 1:25,000. When a 1:100 solution of this material 
was examined spectroscopically,^ absorption bands indicating the presence of 
tryptophane, t>’rosine, and phenylalanine were found; there was no spectroscopic 
evidence of the presence of nucleic add. After the solution had been stored at 
-h5°C. for a week, a small amount of a very fine white predpitate appeared and 
was removed by ultracentrifugation at 20,000 r.p.u. for 20 minutes; the pre- 
dpitin titer of the supernatant fluid remained the same. The solution was 
further stored in a frozen state for 3 weeks and then desiccated again. A dry 
residue weighing 0.4582 gm. was obtained. After still further storage in the dry 
state at O’C. for several weeks, a portion of the preparation was removed for 
study. Two 5 rag. samples were negative for yeast and thymonudeic add, 
respectively; a 10 mg. sample gave a delayed, faint but definitely positive Molisch 
reaction; the dried material contained 15.4 per cent nitrogen.- The predpitin 
titer on an aliquot of the redissolved material was of the order of 1 : 10,000 (dry 
weight). Another portion of the 0.4582 gm. of dr>’ residue was removed after 
additional storage, in a scaled tube, for 2 months at room temperature. The 
material now failed to react ■(vith fibrom>'xoma serum even when a solution of it 
contained 1 part dr>’ weight in 750. Moreover, this inert substance no longer 
showed the solubilities of the original antigen for it now predpitated readily 
when the pH of the solution was in the neighborhood of 5.4, but remained soluble 
at pH 4.5. 

It is apparent from the record of purification of soluble antigen 
contained in scrum that the method employed resulted in the separa- 
tion of the serologically active portion from much inactive material. 

I Spectroscopic c.\amination performed by Dr. G. I. Ladn. 

* Chemical analyses carried out by Dr. R. J. Dubos. 
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However, when partially purified, the antigen or antigens obtained 
from serum are relatively unstable, its activity decreasing under con- 
ditions of storage. 

The soluble antigen from a filtered extract of infected skin has been 
refined in the following manner. 

1500 cc. of a filtrate of infected skin were adjusted to pH 4.0 by the addition 
of ISO cc. of normal HCI. The solution became cloudy and was allowed to 
stand overnight at 0°C. A dark brown insoluble material was removed by 
centrifugation and discarded. 1540 cc. of clear reddish brown supernatant ma- 
terial were adjusted to pH 7.0 and an equal volume of a saturated solution of 
ammonium sulfate was added. A heavy precipitate formed immediately and 
was removed by centrifugation after storage overnight at +5'’C. After dialysis 
the albumin fraction was found to be serologically inactive and was discarded. 
The globulin fraction was dissolved in dilute phosphate buffer, pH 7.2, and 
dialyzed against running water overnight. A small amount of insoluble material 
which was present after dialysis was removed by centrifugation and discarded. 
The 525 cc. of soluble dialysate were then dried from the frozen state. The 
desiccated material dissolved completely in 50 cc. of physiological saline solution. 
The solution was adjusted to pH 4.5 and a saturated solution of ammonium 
sulfate in amount sufficient to yield a concentration of 30 per cent was added. 
The precipitate which formed was removed after storage for 18 hours at O^C. 
and dissolved in water. After dialysis against running water the resultant solu- 
tion was clear and dark reddish brown in color. When diluted 1:128, it formed 
a precipitate with immune serum, a 4-fold increase in tlie titer, whereas the 
volume of the final preparation was 1/12 that of the original filtrate. After the 
partially purified solution had been stored for a short time at 0°C., insoluble 
material was observed to have formed. This was removed but more formed. 
However, removal of the sediment caused no appreciable decrease in the titer of 
this preparation and after standing for 2 months it still gave a precipitin test in a 
dilution of 1 : 128. 

A method of purification of soluble antigen in filtered extract of 
infected skin similar to that employed for purification of antigen in 
filtered serum seems to be effective in separating the serologically 
active material from some of the associated inactive substances. 
However, the final preparations of filtrates of skin wliich we have ob- 
tained have always retained some of the dark color of the original 
fluids, and from this, as well as from the spontaneous precipitation 
of material without decrease in titer, it is obvious that they are im- 
pure. The partially purified antigen from preparations of infected 



T. ir. EIVERS, S. ir. WARD, AND J. E. SMADEL 


41 


skin seems to withstand storage better than that in the apparently 
deaner preparations from serum. 

Serological and Immunological Studies on Rabbits Injected with 
Partially Purified Antigen from Extract of Infected Skin 

Further study of the nature of the soluble substance of myxoma has 
included an attempt to determine its antigenicity. Antigen from 
extracts of infected skin, partially purified without tryptic digestion 
in the manner described above, was injected into normal rabbits and 
the response of the animals was investigated. 

A sample of normal serum was obtained from each of six young adult male 
rabbits of the New Zealand breed. The animals were then inoculated intra- 
peritoneaUy with 2 cc. of a preparation from extracted skin which was known to 
be non-inf ectious. The solution had been rendered bacteriologically sterile by 
Seitz filtration after purification. No untoward reaction developed and during 
a subsequent 2 week period each animal received a total of 21 cc. of the extract 
given in six doses. On the 4th day following the last inoculation 10 cc. of blood 
were taken from each of the rabbits for serological tests. Each of the sera, after 
inactivation at 56°C. for 30 minutes, gave a precipitin reaction when mixed with 
the antigen used for immunization. In this instance, dilutions of antisera were 
tested against constant amounts of antigen; the antibody titers varied between 
1 :8 and 1 :32, but in the majority of the sera they were 1 : 16. Since precipitins 
were present in the blood of the rabbits after this short course of treatment, 
injections were discontinued. 50 cc. of blood were withdrawn from each a nim al 
on the 5th day following the last inoculation and the specimens of serum were 
pooled. 

Precipitin Reactions with Anti-Soluble Substance Serum . — The 
pooled antiserum reacted with partially purified antigen prepared 
fiom filtered serum and from extracted skin and also with antigen 
present in crude preparations of serum, extract of skin, and dermal 
filtrate. Table VI presents data on such precipitin titrations; the 
dermal filtrate and filtrate of serum were crude preparations but the 
antigen from skin had been partially purified. For comparison, the 
results of titrations with the same antigenic solutions and fibrom\-xoma 
serum are included in the table. The pooled anti-soluble substance 
serum failed to give a precipitate when mixed vrith any of these sero- 
logically active solutions that had been heated at 56°C. for 1 hour; 
moreover, it did not react with vaccinal dermal filtrate known to con- 
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tain the heat-labile and heat-stable antigens of vaccinia. Thus, the 
sera appeared to react specifically with the soluble substance of 
myxoma. Further evidence for the specificity of the reaction was 
obtained by absorption experiments. 

4 to 6 cc. amounts of pooled anti-soluble substance serum were absorbed with 
crude dermal filtrate, crude filtrate of serum, and refined extract of infected skin, 
respectively. The ratio of optimal precipitation was initially determined for 
each antigenic solution by the method of Dean and Webb. Antiserum and 
antigen were mixed in the proper amounts, incubated at 56°C. for 1 hour and 

TABLE VI 


Results of Reaction of Fihromyxoma Serum and Anti-Soluble Substance Serum 

with the Soluble Antigen 


Serum 

1 

Antigen 

Dilution of antigen 

1:2 

1:4 

1:8 

1:16 

1:32 

1:64 

1:128 

Anti-soluble sub- 

Dermal 

+++ + 

+++-!■ 

+++ + 

+ 

— 

— 


stance 

filtrate 








Fibromyxoma 


+++ + 

1 

++++ 

+ 

db 

— 

— 


Anti-soluble sub- 

Filtrate 

+++ + 

++++ 

++++ 

++++ 

+ + 

— 


stance 

of 








Fibromyxoma 

serum 

± 

++++ 

++++ 

++++ 

zh 

— 


Anti-soluble sub- 

Extract 

-1-1-+ + 

-1-1-++ 

++++ 

++++ 

++++ 

+ + 

— 

stance 

of skin 








Fibromyxoma 

i 

' db 

+++ 

+++ + 

++++ 

± 

— 

— 


All sera used in dilution 1 : 8. 

-j-’s indicate degree of precipitation. 


then overnight at 0°C. Precipitate which formed was removed by centrifuga- 
tion at O^C. In several different experiments a single absorption with dermal 
filtrate or extract of skin was sufficient to remove all or practically all the antibody 
capable of reacting with the antigen employed for absorption. This was not 
the case in two experiments when filtrate of serum served as the absorbing antigen , 
here it was necessary to repeat the process two or three times. Absorbed sera 
were brought to a dilution of 1:8 of the original serum prior to testing for 
precipitins. 

The results of the e.xperiment presented in Table VII show that 
absorption of anti-soluble substance serum wuth dermal filtrate com- 
pletely removes the antibodies that precipitate in the presence of der- 











TABLE VII 

Rtstills of Absorption Experiments 
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All iicra u.scd in dilution 1 :8. 

+’.s indioitc degree of precipitation, 
rurificd antigen was obtained from c.xtract of skin. 
Heated fdtratc of scrum was held at 56°C. for 1 hour. 
The same antigenic solutions were used throughout. 
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mal filtrate as well as those that react with extract of skin. The 
same result is obtained by absorption with extract of skin. These 
absorbed sera, however, still precipitate when mixed with filtrate of 
serum; moreover, the amount of residual precipitin that reacts with 
filtrate of serum is appreciable, for its titer is approximately one- 
fourth that of the unabsorbed serum. As stated above, repeated 
absorption of anti-soluble substance serum with filtrate of serum was 
necessary to remove all of the substances that precipitated in the 
presence of this antigenic solution. Each absorption with filtrate of 
serum affected the antibodies that precipitated with dermal filtrate 
and extract of skin to a greater extent than it did those that pre- 
cipitated with the absorbing antigen. As a result one or two addi- 
tions of filtrate of serum sufficed to clear the anti-soluble substance 
serum of precipitins for dermal filtrate or extract of skin but left be- 
hind an appreciable amount of antibody that precipitated with filtrate 
of serum. This previously unrecognized precipitable material en- 
countered in filtrate of serum is also inactivated by heating at 56°C. 
for 1 hour (Table VII). 

The origin and significance of the second precipitable substance, 
which occurs in relatively large amounts in filtrates of serum and whicli 
differs serologically from the soluble antigen demonstrable in all of the 
three types of filtrates used in this work, has not yet been determined. 
Whether it is an entirely independent soluble antigen or a substance 
closely related to the more common soluble substance remains to be 
seen. It has been found that purification of the common soluble an- 
tigen from serum removes or inactivates the second precipitable sub- 
stance. For example, a sample of serum which in the crude state 
reacted with anti-soluble substance serum, either unabsorbed or 
absorbed with dermal filtrate or antigen from skin, after purification 
reacted only with unabsorbed serum. It should be noted, however, 
that antibodies against the second precipitable material were induced 
by injections of partially purified extract of skin, although absorption 
with similar extracts of skin did not readily remove these antibodies. 

Aggluthiation Reactions with Aiili-Sohtble Substance Scrum. Anti- 
serum prepared against purified antigen from extract of infected skin 
agglutinated certain suspensions of elementaiy’ bodies of myxoma. 
The titer of this serum was generally the same as that of the fibro- 
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myxoma serum used throughout these studies; a myxoma convalescent 
serum was slightly more potent than either of the other two. Dermal 
filtrate obtained during the process of purification of these suspensions 
of agglutinable elementary bodies contained appreciable amounts of 
precipitinogen that reacted with anti-soluble substance serum and with 
fibromyxoma serum. Other suspensions of elementary bodies gave 
lower agglutinin titers with anti-soluble substance serum than with 
fibromyxoma serum. Indeed, one suspension was not at all agglu- 
tinated by anti-soluble substance serum but reacted with fibromyxoma 
serum diluted 1:128, and it is of interest to note that dermal filtrate 
obtained from the rabbits furnishing the suspension of elementary 
bodies failed to precipitate with anti-soluble substance serum and 
with fibromyxoma serum. 

These observations suggest that the soluble substance of myxoma is 
only one of two or more antigens involved in the agglutination of 
elementary bodies by immune serum. Confirmation of this was ob- 
tained by the use of suspensions of elementary bodies that had been 
heated at 56°C. for 1 hour. The agglutinin titer of fibromyxoma and 
myxoma immune serum was usually as high when tested against 
heated virus as it was when unheated suspensions were used. The 
character of the agglutination, however, was different; unheated el- 
ementary bodies formed large flocks while heated elementary bodies 
often gave rise to a very fine granular type of agglutination. On the 
other hand, suspensions of elementary bodies that were agglutinated 
by anti-soluble substance serum were, after heating, much less ag- 
glutinable in the presence of this serum. The variability in the ag- 
glutination of different preparations of elementary bodies is not pre- 
dictable and will be investigated further. However, results so far 
obtained are adequate for the following statements: elementarj’- bodies 
of myxoma, separated from crude dermal pulp containing demon- 
strable amounts of soluble substance, are agglutinated by anti- 
soluble substance scrum and at least some of this agglutination is 
due to a heat-labile antigen; clcmentarj' bodies contain a relatively 
hcat-stablc agglutinogen that reacts wth antibodies present in fibro- 
myxoma and myxoma immune scrum. 

Xculralizalior. Tests %cUh Anli-Sohihlc Substance Scrum.—Poolcd 
anti-soluble substance scrum used for the precipitin and agglutination 
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tests described in the preceding sections was tested for the presence 
of neutralizing antibodies against the virus of myxoma. Equal 
volumes of diluted virus and undiluted serum were mixed, stored over- 
night at 0°C., and injected intradermally into each of two rabbits. 
Suspensions of myxomatous tissue were infective in dilutions of 10"^ 
or 10“®, in different experiments, when mixed with normal or with 
anti-soluble substance serum. Fibromyxoma serum regularly neu- 
tralized 100 infective doses of the virus. These experiments indicate 
that antibodies against the soluble substance or substances of myxoma 
are not effective in neutralizing the virus. 

Response to Infection- by Rabbits That Had Received Injections of 
Soluble Antigen. — Following the course of injections of partial^ puri- 
fied antigen from infected skin, groups of two rabbits eacli were tested 
for response to inoculation with the viruses of myxoma, neurom 5 ^xoma, 
and fibroma, respectively. Animals inoculated with the virus of 
myxomatosis several days after their seventh injection of antigen 
from skin, developed a typical infection and died on the 8th and 
10th days respectively. Several weeks later the four remaining rab- 
bits were given a second course of four injections of partial!}' purified 
antigen from skin, because the precipitins in their sera had diminished. 

5 days after the last injection in this series, precipitin titers in their 
sera were again equal to or greater than those induced by the first 
course of treatments. These animals, inoculated with the viruses of 
neurom 5 ’-xoma and fibroma, responded in a manner similar to that of 
normal control animals. Thus, it appears that rabbits injected with 
non-infectious extract of myxomatous skin were not rendered immune 
to the virus of myxoma, neuromyxoma, or fibroma, even though their 
serum contained precipitins against the soluble substance of myxoma 
and agglutinins for elementary bodies of myxoma. 

DISCUSSION 

The experiments have shown the soluble antigen of myxoma present 
in infected skin and in serum of acutely ill rabbits to be a protein. 
Rabbits receiving intraperitoneal injections of the partially purified 
antigen from extracts of infected skin readily develop in their sera 
specific precipitins against the soluble substance. Is one of the pre- 
viously studied soluble antigens associated with \'irus diseases appears 
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capable, upon injection into animals, of inducing significant resistance 
to infection or the formation of appreciable amounts of neutrahzing 
antibodies (yellow fever (3), infiuenza (8), vaccinia (9, 10)), the 
soluble substance of myxoma behaves in a similar maimer. 

Anti-soluble substance serum agglutinates elementary bodies of 
myxoma under certain conditions. However, the soluble substance 
is only one of several antigens that take part in the agglutination of 
elementary bodies of myxoma produced by the serum of animals 
immune to myxoma; at least one other agglutinogen, relatively heat- 
stable, is present in or on the virus particles. Thus, in respect to 
multiplicity of antigens, the elementary bodies of myxoma resemble 
those of vaccinia (11). 

The occurrence of agglutinins for elementary bodies of myxoma in 
the sera of rabbits recovered from fibroma has been considered by 
Lcdingham (12) to be a possible explanation for the ability of these 
rabbits to survive infection with the virus of myxoma. The present 
experiments suggest that the r6Ie of agglutination alone may be a 
minor one in this phenomenon since rabbits which possessed agglu- 
tinins as the result of injections of soluble antigen, succumbed to 
infection with the virus of myxoma. 

A soluble antigen occurs in the serum of animals ill of yellow fever 
(3), but it is found in the albumin fraction, while that in the serum of 
myxomatous rabbits accompanies the globulin fraction. 

The present experiments suggest that a second soluble specific sub- 
stance can be identified in materials from mjocomatous rabbits. This 
substance, also heat-labile, differs serologically from the soluble an- 
tigen common to dermal filtrate, extract of skin, and serum of acutely 
ill animals. The relationship of the two soluble substances remains 
to be determined. 


SUiniARY AND CONCLUSIONS 

The soluble antigen of myxoma is a heat-labile protein which has 
an isoelectric point near pH 4.5 and is precipitated from half saturated 
solutions of ammonium sulfate. It can be partially purified by 
methods of differential precipitation based on variations in the pH 
and electrolyte concentration. 

Rabbits receiving the labile, soluble substance of mj-xoma develop 
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homologous precipitins and their serum agglutinates elementar}^ 
bodies of myxoma, provided the dermal pulp from which the bodies 
are obtained contains the soluble substance; neutralizing antibodies 
do not appear, however, and the animals are not resistant to infec- 
tion with the virus of myxoma. 

Elementary bodies of myxoma appear to have a heat-stable ag- 
glutinogen that operates when brought in contact with serum from 
animals recovered from myxoma, but little, if at all, when in contact 
with anti-soluble substance serum. 
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DETECTION OF THE VIRUS OF POLIOMYELITIS IN THE 
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(Received for publication, September 6, 1938) 

The epidemiology of poliomyelitis strongly suggests the contact 
mode of infection. Experimental evidence furthermore points more 
specifically to the olfactory portion of the nasal mucous membrane 
as the portal of entry of the virus into the body. This concept predi- 
cates the presence of the virus in the nasal and oral secretions of 
patients ill with the disease and perhaps also of healthy carriers and 
contacts. The experimental evidence in this regard, when subjected 
to rigid criteria, remains sparse; yet in view of the acknowledged 
difficulties and uncertainties attending the detection of the virus 
in human material other than that from the central nervous system, 
we believe that the virus has been recovered with sufficient frequenej' 
to serve as strong confirmator}' evidence in support of the contact 
mode of infection. 

A re\dew of the literature in search of experiments in which the 
\drus of poliomyelitis was recovered from human and animal sources, 
exclusive of the central nervous system, has pelded a surprisingly 
large number of so called takes. We have attempted to tabulate 
the efiorts of the various previous investigators to recover the xfirus 
from nasal secretions and from intestinal contents of man and animals 
in Tables I to W. The total number of such attempts is probably 
larger than indicated on these tables, because occasionally only posi- 
tive findings have been reported and reference made in the text of 
the paper to other similar attempts, whose outcome was negative. 

• lliis voTk is supported by a grant from ibc National Foundation for Infantile 
Paralyfis. 
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TABLE I 


Isolation of Poliomyelitis Virus from Nasopharynx of Human Beings* 


Author 

Stage of disease 

At- 

tempts 

(1) Landsteiner, Levaditi and Pastia, 1911 

Post mortem 

1 

(2) Rosenau, Sheppard and Amoss, 1911 

Acute 

Convalescent 

8 

10 

(3) Kling, Pettersson and Wemstedt, 1912 

Acute 

Contact 
Convalescent 
Post mortem 

12 

12 

31 

11 

(4) Thomsen, 1912 

Post mortem 

2 

(20) Kling and Levaditi, 1913 

Acute 

Abortive 

12 

9 

(S) Kling and Pettersson, 1914 

Contact 

4t 

(6) Flexner, Clark and Fraser, 1913 

Contact 

2t 

(7) Lucas and Osgood, 1913 

Convalescent 

4t 

(8) Dubois, Neal and Zingher, 1914 

Convalescent 

1 

(21) Satvyer, 1915 

Convalescent 

4 

(9) Taylor and Amoss, 1917 

Convalescent) 
Abortive / 

3 


4t 1 1 

2t 1 1 

2 2 

1 1 1 

4 0 — 


* Explanation of terms and symbols used in Tables I 
the primary take. . 

“t:USetndica.in, .he „„.b„ 

s"e e^Tnun.^ and nun.be. In such instances a.e 

derived from protocols and the text, 
f Pooled. 

j From the same patient. 
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Author 

Stage of disesise j 

At- . 
empts ' 

rakes 

Pas- 

sage 

(10) Flexner and Anaoss, 1919 

Contact 1 

Acute I 

m 

0 



Convalescent] 
Post mortem 

H 

5 

— 

(11) Klmg, 1928 

Acute 1 

Post mortem/ 

B 

3 

— 

(12) Levaditi, Schmultz and WiUemin, 1931 

Acute 

H 

1 

— 

(13) Levaditi and WUlemin, 1931 

Acute 

12 

3 

0 

(14) Frontali, 1932 

Acute 

8 

B 

— 

(15) Paul and Trask, 1932 

Abortive 

12 

B 

2 

(16) Kramer, 1935 

Healthy carrier 

156 

B 

B 

(17) Paul, Trask and Webster, 1935 

Acute abortive 

27 

1 

1 


Contacts 

14 

0 

0 

(18) Kramer, Sobel, Grossman and Hoskwith, 

Convalescent 

20 

B 

2 

1936 





(19) Stillman and Brodie, 1937 

Acute 

15 

B 

D 

(22) Harmon, 1937 

Acute 

20 

0 

0 


Furthermore, although it is quite probable that the number of takes 
reported bj' some of these authors, particularly during the last decade, 
represent true poliomyelitis, this cannot be said to apply to the findings 
of a number of the earlier reports. When these reports are analyzed 
according to the criteria which we now believe essential for positive 
identification of the \drus, (c) the production of the t)q)ical disease 
with paralysis in the experimental animal, {b) tj-pical histopathologic 
changes in the cord, (c) successful passage of the disease to a second 
monkey, which at autopsy will present the characteristic pathologic 
changes in its cord,— the number of positive results rapidly dwindles. 

In Table I arc summarized 535 indri-idual attempts to recover the 













TABLE n 

Isolation of Poliomyelitis Virus from the Intestinal Tract of Human Beings* 


Author 

Stage of disease 

At- 

tempts 

Takes 

Pas- 

sage 

(3) Kling, Pettersson and Wernstedt, 1912 

Acute 

10 

9 

— 

Convalescent 

30 

18 

— 


Post mortem 

10 

9 


(20) Kling and Levaditi, 1913 

Acute 

5 

1 

— 

Abortive 

1 

0 


(21) Sawyer, 1915 

Convalescent 

4 

1 

1 

(8) Dubois, Neal and Zingher, 1914 

Acute 

1 

0 

0 

(11) Kling, 1928 

\ 

Post mortem 
Abortive 
Carriers 
Acutely ill 


54 

5 

— 


(13) Levaditi and Willemin, 1931 

Acute 

4 

0 

0 

(22) Hannon, 1937 

Acute 

20 

5 

— 

(23) Trask, Vignec and Paul, 1938 

Acute 

Convalescent 

1 

5 

3 

3 



(from one child) 


* See explanatory note under Table I. 


TABLE ni 


Author 

Stage of disease 

At- 

tempts 

Takes 

Pas- 

sage 

(24) Landsteiner and Levaditi, 1909 

Acute 

1 

1 


(25) Leiner and von Weisner, 1910 

Acute 

1 

1 


(26) Flexner and Lewis, 1910 

Convalescent 

1 

1 


(27) Landsteiner, Danulesco and Levaditi, 1911 

Acute 

2 

2 


(30) Osgood and Lucas, 1911 

Convalescent 

2 

2 

2 

(28) Flexner and Clark, 1911 

Convalescent 

1 

1 


(4) Thomsen, 1912 

Acute 

2 

1 

1 

no! T.pvaditi and Danulesco, 1912 

Acute 

13 

2 
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virus from the nasopharynx in the human disease; 64 positive takes 
are reported, but only 14 passages to second animals are mentioned. 

In Table II are reviewed 144 individual attempts to recover the 
virus from patients’ feces or from the intestinal contents at post 
mortem. In only 4 of the 51 takes reported, were the strains passed 
on to second animals; three of these being done on the stools of the 
same patient (Trask, Vignec and Paul, 23). 


TABLE IV 

Isolation of Poliomyelitis Virus from the Intestinal Tract of Monkeys* 


Author 

Stage disease 

At- 

tempts 

Takes 

Pas- 

sage 

(31) Flexner, Clark and Dochez, 1912 

2 hrs. after feeding 
(so cc. virus) 

2 

2 

— 

(32) Clark, SeWndkr and Roberts, 1930 

48 hrs. after feeding 
concentrated 10 cc. 

3t 

1 

1 


Acutely ill 

24 

0 

— 

(33) Kling, 1931 | 

1 

24 and 48 hrs. after 
feeding 

3 

1 

— 

(34) Levaditl, Kling and Lcpinc, 1931 

24 and 48 hrs. after 
feeding 

2 

2 

— 

(35) Clark, Roberts and Preston, 1932 

After injecting virus 
into small intestines 

2 

2 

— 


After feeding 60 cc. 
(or 3 days 

8 

5 

— 


Acutely ill 

3 

0 

- 


* See explanatory note under Table I. 
t Pooled. 


In Table III arc presented the records of 23 attempts to detect the 
vinis from the upper respiratorj' tract of monkeys. 11 positive takes 
were cited. In only 3 instances, however, were the strains passed to 
a second monkey, and 2 of these were recovered from the washings 
of a single animal. 

_ In Table IV arc tabulated 47 attempts to detect the virus in the 
intestinal tracts of monkeys. In 20 instances the feces were obtained 
following feeding c.\-pcriments in which var%-ing amounts of %-irus 
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were administered to normal monkeys by mouth or by stomach tube; 
and in the remaining 27 experiments, the feces and intestinal contents 
were obtained from acutely ill animals. All 13 positive takes were in 
• animals which had been fed large doses of virus. It will be noted, 
however, that in no instance was the virus recovered later than 48 
hours following the feeding, and that only one passage to a second 
animal is recorded. We furthermore found no record of recovery of 
the virus from feces or intestinal contents obtained during the acute 
stage of the experimental disease. 

From these tables, it can be seen that the virus of poliomyelitis 
has been recovered from the upper respiratory tract of both man 
and the monkey appreciably oftener than from the gastro-intestinal 
tract, except when the animals were fed large quantities of virus. It 
would seem probable, in recognition of the normal physiologic passage 
of oral and nasal secretions into the gastro-intestinal tract by reflex 
swallowing and the relative bacterial content of the materials from 
these two sources, that the small number of successful recoveries of 
the virus from the latter was perhaps due to the greater difficulties 
encountered in removing bacterial contaminants from the feces. 
We believe that the positive data included in these tables are sig- 
nificant and that further studies along these lines are indicated. 

The occurrence of poliomyelitis in Brooklyn in the summers of 
1935 and 1937 afforded an opportunity to carry on such investigations. 
In our first communication (18), based on the 1935 cases (included 
in Table I), we reported the detection of the virus of poliomyelitis 
in the nasal washings of 2 of a total of 20 children studied during 
convalescence. In the present paper, whicli comprises the results 
of the 1937 occurrence, we have included examination of the stools, 
as well as the oral and nasal secretions of patients in var^ung stages 
of the disease; and we have also studied the nasal washings and intes- 
tinal contents from 7 monkeys sacrificed at the height of the disease. 

EXPERIMENTAL 

Except for the modifications necessarj' for the handling of the 
fecal material and intestinal contents, the procedures employed were 
essentially those outlined in our previous communication (18). 
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Collection of Human Nasal Washings— With the patient lying prone with his 
head turned to one side, a soft rubber catheter was inserted 1 to 2 inches into 
one nostril compressed against the catheter to prevent leakage. 50 to 100 cc. 
of sterile distilled water were gently introduced by means of a large sjTinge, The 
return fluid from the opposite nostril and the mouth was caught in a sterile pus 
basin, and then transferred to a sterile bottle. 

Collection of Human Fecal Material. — Fecal material was obtained on the 
same day as the nasal washings. If the feces were from a spontaneous bowel 
movement, 100 cc. of sterile distilled water were added; if an enema were given, 
100 cc. of sterile distilled water were employed. The feces were then transferred 
to a 250 cc. sterile centrifuge bottle and shaken vigorously in an eccentric shaker 
for 1 hour. The well macerated material was then centrifuged at 1250 E.p.ir. 
for 1 hour and the supernatant fluid, usually quite opalescent, was drawn oS into 
another sterile centrifuge bottle. 

Collection of Nasal Washings and Tissue from Monkeys. — ^The animals em- 
ployed in these experiments were infected either by the intranasal route with 
the Armstrong strain of virus, or by the intracerebral route with our stock labora- 
tory \rM strain. 

Nasal washings were obtained at the height of the disease. The animal was 
quickly sacrificed with ether anesthesia; its face was washed with 5 per cent phenol 
followed by ether; and with the head held downward over a pus basin, the same 
procedure was used as was employed for obtainmg nasal washings from patients. 
About 40 cc. of sterile distilled water were used. The margin of the nostrils w'as 
then cut, and by means of a fine curette the nasal ca\’ity and posterior pharjmx 
were carefully curetted. The resulting tissue, consisting of the mucous membrane, 
adenoid tissue, cartilage and some bone fragments, was thoroughly ground with 
sterile sand in a mortar and added to the nasal washing. This mixture of washing 
and ground tissue was shaken for 30 minutes in an eccentric mechanical shaker and 
centrifuged at 1250 R.r.ii. for a half hour. The supernatant was poured off into 
a sterile Erlenmeyer flask. 

Collection of Fecal Material from Monkeys. — ^Immediately after the nasal wash- 
ing and curetting was completed, the abdominal ca\-ity of the animal was opened 
and segments of the intestine were tied off. One ligature was applied at the 
pyloric end of the stomach, two ligatures at the junction of the ileum and cecum, 
and a single ligature at the anal end of the rectum. The intestines were then 
dissected away from the omentum, removed from the abdominal caxdty and 
placed on sterile towels or in sterile Petri dishes. The single length of gut was 
then divided between the second pairof ligatures, resulting in two segments of gut; 
the first comprising the pylorus, the jejunum and ileum, and the second including 
the colon, the sigmoid and the rectum. The ligatures were then removed and 
the contents of each section of gut squeezed into separate containers. SO cc. of 
.sterile distilled water were then introduced into each segment and, by means of 
gentle massage, forced through the gut and added to the corresponding intestinal 



56 


DETECTION OE VIRUS OF POLIOMYELITIS 


contents or fecal material. Each section of gut was then slit longitudinally, 
exposing the mucous membranes, and these were gently curetted. The scrapings 
were added to the corresponding container. The combined material from each 
section of gut was placed in 250 cc. centrifuge bottles and shaken vigorously 
in an eccentric shaker for 1 hour and centrifuged for 30 minutes at 1250 r.p.m. 
The supernatant liquid was poured off into sterile centrifuge bottles. 

Stcrilizalmi of Washings and Fecal Material. — ^The method described by us in 
a previous communication (18) and recently successfully employed by Trask 
et al. (23) was used in removing bacterial contaminants from human and monkey 
material. From 10 to 20 per cent of anesthetic ether was added to the flask con- 
taining nasal washings, and approximately 40 per cent ether was added to the 
supernatant material obtained from the intestinal tract. The flasks were tightly 



stoppered and shaken mechanically for from 30 minutes to an hour and left over- 
night in the ice chest. 

Concentration of Materials. — The following morning the materials were re- 
centrifuged and the aqueous portions were transferred by sterile technique to a 
specially constructed sterile container and attached to the vacuum system (see 
Fig. 1). The material in each container was frozen solid by immersion in CO 2 - 
acetone mixtures, and the vacuum was started. In 6 to 8 hours the material was 
concentrated to from 2 to 5 cc., depending on the original volume (50 to 100 cc.). 

Although we had previously established (18) that the virus would survive the 
manipulation involved in our procedure, wc again included 3 specimen runs at 
the beginning of our concentrations. Each of these specimens consisted of 75 cc. 
of sterile distilled water to which had been added 0.5 cc. of a 5 per cent suspension 
of our stock VIM virus. 10 per cent of anesthetic ether was then added, the mix- 
ture well shaken and left overnight in the refrigerator. The following morning 
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the specimens were placed in the special containers, attached to the desiccating 
outfit, then frozen and d^iccated. All 3 monkeys (Nos. 3-38, 3-39 and 3-46, 
Table V), inoculated with concentrations from these specimens, succumbed to 
the experimental disease in from 6 to 10 days. 

Inoculalion of the Conceulralcs.— The concentrates were removed from the 
special containers by cutting the constricted end of the tube and withdrawing 
the material through this opening with a sterile pipette. 1 to 2 cc. of sterile 
distilled water ware usually added to the emptied container and the waUs of the 
tube were gently rubbed with either a pipette or a glass rod to release any adherent 
material, which was then added to the concentrate. The fecal concentrates had 
to be recentrifuged to throw down the heavy particles which appeared during 
the concentration, and the supernatant liquid was used for inoculation. From 
2 to 4 cc. of each concentrate were inoculated intracerebraUy into a fresh monke 3 % 
and the remainder of the material was inoculated intraperitoneally into the same 
animal. 


RESULTS 

Nasal washings and stool or intestinal contents were obtained 
from 20 patients in varjdng stages of convalescence, and from 7 mon- 
keys during the height of the disease. 5 strains of \drus were re- 
covered, 4 strains from 3 patients and 1 strain from a monkey. The 
pertinent data are tabulated in Tables V and \T[. 

The first strain was isolated from the feces of a 14 year old child (S.W.), 7 
days after the onset of the illness. A test animal (3-48) inoculated on Aug. 28, 
was paralyzed on Sept. 17. Histologically, the cord showed tj-pical poliomyelitis. 
A passage from the cord of this animal intracerebrally into monkey 3-77 on Sept. 
17 resulted in paralysis and prostration Sept. 23. Histologically the cord showed 
typical poliomyelitis. 

The second human strain was isolated from the nasal washings of a 6 J year old 
child (D.E.), 5 days .after the onset of illness. The test animal (3-50) was in- 
oculated on .Aug. 31, and developed weakness of both lower c.xtremities and the 
left arm on Sept. 7. It was found dead on the morning of Sept. 8. A cord sus- 
pension from this animal inoculated on the same day into monkey 3-68, resulted 
in paralysis on Sept. 21. Both animals presented typical histologic findings in 
their cords. 

Tlic third and fourth human strains were recovered from a 2^ year old boy 
0-C.), 9 clays after the onset of the illness. One strain was obtained from the 
nasopharynx and the other from the fcccs. The 2 test animals (3-55 and 3-56, 
Table V) inoculated on Sept. 2 with the concentrates from these sources showeci 
temperature and paralysis on the 1 lih. Histologic examination of sections from 
the cords of both these animals showed t\-pical poliomyelitis. Intracerebral 
inoadalions of emubions of the cords on Sept. 11 into 2 fresh test animals (3-67 
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TABLE VI 

Outcome of Inoculations of Concentrates fvom Animal Sources 
(Nasopharynx and Intestines) 



Ji 

tn 

cl 

& 

a 

o 

Source and 
amount of 


o 

Outcome 


(1 

in 

u 





1 

u a 

si 

U bO 

«.2 

|o 

rt.H 

inoculum 

:3 

S 

a 

o 

Fever 

Symptoms 

Histological 

findings 

^ Passage 

< 

p 

P 


u 

s 





1937 

1937 








2-7S 

9/27 

9/29 

Nasal 

Ster- 

3-9; 

! None 

None 






washing 

2 cc. 

ile 









U. in test. 

(I 

3-93 

1 10/16, 105.8' 

B It 






seg.t 2 



10/18, 101.6' 







CC, 










L. intest. 

n 

3-91 

10/19, 106.4' 

’ Animal excited. 






seg.t 




Recovered 



8-6 

10/9 

10/11 

Nasal 

6 col. 

4-03 

None 

None 






washing 

4 cc. 










U. intest. 

23 “ 

4-01 

II 

Generalized 

Tuberculosis 





seg. 3 cc. 




weakness. 
10/17 died 






L. intest. 

17 “ 

4-02 

10/19, 104.8“ 

Limbs weak. 

Question- 

— 




seg. 3 cc. 




10/19 died 

able polio 


2-7 

10/10 

10/12 

Nasal 

Ster- 

4-05 

10/25, 104.8“ 

Generalized 






washing 

lie 


10/26, 101.8“ 

weakness. 






3 cc. 




No para!. 
Recovered 






XJ. intest. 

2 col. 

3-70 

' None 

None 






seg. 3 cc. 
L. intest. 

25 " 

4-04 

II 

14 






seg. 3 cc. 







3-52 

10/13 

10/15 

Nasal 

Ster- 

4-07 

11/5, 105.8“ 

Lower limbs 




washing 

ile 



weak. Re- 






4 cc. 




covered 






U. intest. 


4-06 

10/18, 106.4“ 

Continued high 

Suggestive 

M. 4-09, 11/21 




seg. 3 cc. 



10/19, 106.8“ 

temp. 11/21 

polio 

inoculated. 







prostrated 


12/19 para- 




L. intest. 

8 col. 

4-08 

11/3, 106“ 
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lyzed. 




seg. 3 cc. 



11/5, 106“ 

weakness. Re- 


Hist, typical 






covered 


polio 

3-99 

11/21 

11/23 

Nasal 

washing 

Ster- 

ile 

4-10 

12/29, 104.2“ 

12/10 lethargic, ' 
refused to 

Question- 
able polio 

— 




3 cc. 




climb. 12/29 
limbs weak. 
12/30 died 




pour plate. 

■f Upper intestinal segment, 
j Lower intestinal segment. 
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o 
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■3 

^ ' 

a 

c 

Fever 

Symptoms 

Histological 

findings 

Bassage 


Q 

U 


u 






— 

i!U7 

im 








3-99 



TJ. intest. 

K 

4-11 

None 

None 



{ccn~ 



seg. 3 cc. 




Generaliaed 






L. intest. 

II 

4-12 

12 / 2 , 10 s* 



iteSi 



•eg. 3 cc. 




weakness. 

Recovered 

1 


VOO 

,11/25 

1 

U/27 

Nasal 

Sterile 

4-13 

None 

None I 






cashing 

2cc. 





Question- i 





U. intest. 

49 col. 

4-14 

12/1, lOS* 1 

12/12 general- 

— 




eeg. 3 cc. 

1 



ixed weakness. 
12/14 died 

able polio 





L. intest. 

Ster- 

4-lS 

None 

None 






seg. 3 cc. 

lie 






M4 

u/u 

U/2i 

! Nasal 

II 

4-1! 

1 •' 

•• 






washing 
2 cc. 










0. intest. 

11 

4-l( 

5 '• 

12/12 drowsj-. 

No gross ab- 

— 




seg. 3 ce 




Died 

scess. 









Question- 
able polio 






L, intest. 

II 

4-1 

7 '• 

None 




1 


seg. 3 ct 








and 3-09), resulted in the typical disease in both animals. Monkey 3-67 inocu- 
lated with a suspension of the cord from the primary^ take of fecal origin suc- 
cumbed in 11 days. Monkey 3-69 inoculated with a suspension of cord from 
the primar>’ take of the nasal washings succumbed after the third reinoculation of 
heavy cord suspensions (10, 20 and 20 per cent respectively), the second and 
third inoculations being given at 2 week intervals, and the animal succumbing 5 
days after the third inoculation. 

As is indicated in Table V, a number of additional monkeys in- 
oculated with concentrates from human sources presented suggestive 
elevations in temperature or showed some weakness. One such 
animal (3-71), sacrificed when it developed paralysis, showed what 
appeared to be a tt-pical histologic picture of poliomyelitis, yet we 
were unsuccessful in transmitting the disease to a second monkey, even 
after repeated reinoculation with heavy- suspension of cord. A second 
monkey (3-61) showed elevation in temperature and some weakness 
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in the right leg and presented suggestive, though not typical histologic 
findings of poliomyelitis. We were unable to obtain a successful 
passage into a second monkey. 

The fifth and only strain of virus recovered from the experimental animal 
came from the concentrate of the material from the upper intestinal segment 
of monkey 3-52, Table VI, sacrificed at the height of the disease. Monkey 4-06, 
Table VI, was inoculated with the concentrate from monkey 3-52 on Oct. 15. 
3 days later, the animal showed temperature elevation and was prostate on tlae21st. 
The histologic findings were compatible but not typical of poliomyelitis. 2 cc. 
of a 20 per cent suspension of cord were inoculated into monkey 4-09 and resulted 
in the experimental disease after a prolonged incubation period. Histologic 
examination showed t 3 ^pical poliomyelitic changes in its cord. 

The remaining 2 concentrates from monkey 3-52 produced S 5 TOptoms sug- 
gestive of the experimental disease in the respective test animals. Both monkey 
4-07, which was inoculated with the concentrate of the nasal washing, and monkey 
4-08, which received concentrate from the lower intestinal segment, showed eleva- 
tion in temperature and some suggestive weakness, but no extensive involve- 
ment of any of the extremities. Both these animals recovered without residual 
paralysis. 

Bacteriology of Concentrates . — ^30 of the 40 concentrates from human 
material, and all of the 21 concentrates from the animal material, were 
cultured on pour plates, broth in Dunham tubes, and blood plates. 
0.5 to 1 cc. of the sediment from each concentrate was used for culture. 
Since our primary interest was to determine whether or not the con- 
centrates were sterile, no special effort was made to identify the 
organisms beyond morpholog}'' and reaction to Gram stain. The 
organisms were usually Gram-negative rods, presumably colon bacilli. 
In one instance a Gram-positive coccus was found, and in two instances 
yeasts were contaminants. 

It will be noted in Table V that of the 15 cultures from the con- 
centrates of the human nasal material, 2 were slightly contaminated, 
while the remaining 13 were sterile. Of the 15 cultures from tlie 
fecal concentrates, 8 were found to contain bacteria. 

Of the 21 cultures obtained from animal sources, 7 were slightly 
contaminated; of these one was a nasal concentrate, the remaining 
6 from intestinal contents. 

Fifteen animals died from causes other than poliomyelitis; 2 died 
from tuberculosis, 2 from brain abscesses from which positive cultures 
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of organisins were recovered. 7 animals, all presenting a similar 
clinical picture, died from 1 to 5 days following inoculation. These 
animals apparently never recovered from the inoculation: they 
appeared lethargic, crouched in their cages with drooped heads, 
responded poorly to stimuli, and finally died. It is furthermore 
interesting to note that these animals had all been inoculated with 
concentrates from intestinal contents. It was our impression that 
the fecal concentrates contained some toxic factor, as has been sug- 
gested by Toomey (36) and others. 

It can furthermore be seen that 5 animals which had been in- 
oculated with contaminated concentrates survived. Indeed, one 
animal (3-62) survived an intracerebral inoculation of a heavily con- 
taminated fecal concentrate, which showed more than 100 colonies 
on the pour plate. 


SUMMARY AND COMMENT 

Five strains of virus were recovered from nasal washings and feces. 
Four strains were of human origin, the fifth strain came from a monkey 
sacrificed at the height of the disease. Of the four human strains 
the first was isolated from the feces of a 14 year old child 7 days after 
the onset of illness. The second strain was from the nasal washings 
of a 61 year old child, 5 days after the onset of illness. The third 
and fourth strains were recovered from the same patient, a 2^ year 
old cliild, 9 days after the onset of illness. One of these strains was 
obtained from nasophaiyngeal washings and the other from the feces. 
The single monkey strain was isolated from the upper intestmal 
segment and appears to be the only instance of its isolation from this 
source in the literature. 

^Ye believe that the detection of the virus in the nasal washings of 
two additional patients during convalescence lends further support 
to the belief that the \-irus of poliomyelitis is spread by human contact. 

Furthermore, the recovery of the \'irus from the gastro-intestinal 
tract with as great or greater frequency as from the upper respiratory- 
tract. need not, it appears to us, alter our concept of the mode of 
entnance of the virus into the body, namely, by way of the upper 
respiratory tract. If the presence of the a-irus is conceded, then a 
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consideration of the physiologic passage of nasal and oral secretions 
into the gastro-intestinal tract by reflex swallowing would serve to 
explain adequately the presence of the virus in those organs. It 
might even be further predicated that since the gastro-intestinal 
tract functions as a temporary reservoir for secretions from the upper 
respiratory tract, the gut should, after a time, contain the virus in 
higher concentration than any single sample of secretion obtained from 
the upper respiratory tract by nasal washing. It appears to us that 
failures to detect the virus in the gastro-intestinal tract are perhaps 
more indicative of inadequate procedures for its detection than of its 
absence. 

The recovery of the virus from the feces 7 and 9 days after the onset 
of illness takes on added significance. It indicates first, that the virus 
withstands the gastric acidity which under normal physiological con- 
ditions tends to keep gastric contents relatively free of bacteria. It 
further suggests that improper disposal of feces from patients with 
poliomyelitis may have serious public health consequences, particu- 
larly in smaller communities where inadequate sewage disposal may 
result in contamination of surrounding beaches or even local water 
systems, 
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A SPREADING FACTOR IN CERTAIN SNAKE VENOMS AND 
ITS RELATION TO THEIR MODE OF ACTION 
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(Received for publication, August 20, 1938) 

The present investigation was undertaken to determine whether 
the venom of poisonous snakes contained a factor capable of increas- 
ing tissue and blood capillarj'^ permeability. A preliminary note on 
this subject has been published (1). 

Substances which effect an increase in connective tissue and capillary per- 
meability have been extracted from a number of biological sources. In normal 
mammalian tissues, the testis is particularly rich in this spreading factor (2). It 
has also been demonstrated in malignant tissues (3), in leech extracts (4), and in 
certain bacteria (5). The elaboration of such substances by certain species of 
bacteria is correlated with their abilitj’ to spread through or invade tissues, or to 
become rapidly disseminated via the blood stream. Thus the association of such 
spreading factors with noxious agents of one type or another tends to alter con- 
siderably their spread through the tissues, and eventually through the body as a 
whole. So doing, it may in the one instance result in an enhancement of a reac- 
tion, and in another act to diminish it, according to the factors involved amongst 
which arc the nature of the spreading agent, and the native ability' of the host to 
deal with it (6). 

It is obvious that the presence of a spreading factor in snake venom 
would have an effect upon the sequence of events following introduc- 
tion of it. In the present studies we have investigated the spreading 
factor content of the venom from several species of venomous snakes, 
of extracts of the supralabial glands of two species of harmless snakes, 
and of toad venom. In addition c.xperiments are described which 
were aimed to differentiate the spreading factor from the to.xic factor' 
in snake venoms. 


Materials and Methods 

The Snake IVnemj.— Venom from 9 species of snakes was employed. In some 
inn.mcc5 fresh venom w.is available, while in others the dried preparations, either 

(.9 
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purchased in the open market or obtained from foreign countries, was used.^ 
The family and species of the snakes, and the original state of the venom, are 
indicated in Table I, together with the dilutions prepared for animal injection. 
Extracts of the supralabial glands from 2 species of harmless snakes were prepared, 
using 1 gm. of fresh gland and 9 cc. of saline, with subsequent dilution. The 
dried venoms were dissolved in distilled water to restore the original volume of 
the fresh secretion. The amount of water to be added was determined by the 
figures pubhshed by Noguchi (7). Subsequent dilutions were made with the 
addition of 0.9 per cent NaCl solution. When fresh venom was used it was diluted 
with 0.9 per cent NaCl solution. 

Toad Y enoin, — Venom from 6 species of toads was used. These preparations 
represented the dried secretions of the skin glands. The names of the species 
wiU be found in the corresponding section. For use in these e.xperiments, the dry 
venom was ground in a mortar with 0.9 per cent NaCl, and finally made up in the 
proportion of 1.0 gm. of dry venom to 49 cc. of saline solution. This suspension 
was centrifuged and the supernatant fluid used for injection. 

Infections Agents. — For testing the effect of the venoms on infections, vaccine 
virus. Staphylococcus aureus, and the bacillus of mouse typhoid II were used. 
The Levaditi strain of neuro-virus was secured from an infected rabbit testicle 
and prepared by the following method. 5 days after an intratesticular inoculation 
of neuro-virus suspension the animals were sacrificed, the testes removed and 
ground with sterile sand in 0.9 per cent saline (1 gm. testes to 9 cc. saline). After 
centrifugation, the supernatant fluid was diluted in various proportions for the 
test inoculations, as shown in Table III. The bacterial suspensions were tlie 
product of 24 hours growth on plain agar shaken up with 10 cc. of saline. Dilu- 
tions of the freshly prepared virus or bacterial suspensions provided the graded 
series of doses used in the tests. 

Testing of the Vctioms. — 0.5 cc. of each of the venom dilutions was mixed with 
0.25 cc. of diluted India ink (1:2) and injected into one flank of a rabbit. 
On the opposite side, a similar series was injected, into the corresponding locations, 
but using 0.25 cc. of saline solution in place of the ink. This was done so as to be 
able to judge the extent of the spread of the injected material by aid of the India 
ink on one side, and the severity of the lesion produced by the different dilutions 
of venom uncomplicated by the presence of the ink on the other side.* In addition 

^ We are indebted to Dr. C. H. Kellaway of the Albert and Eliza Hall Institute, 
Melbourne, Australia, and Dr. C. Picado of the San Juan Hospital, San JosC, 
Costa Rica, for supplying several of the dried venoms. The toad venoms were 
kindly supplied by Dr. G. H. A. Clowes and Dr. K. K. Chen of the Lilly Research 
Laboratories. 

* This proved to be a wise precaution for it was noted that the lesions produced 
by the ink mi.xtures were smaller and less severe than those produced by the same 
dilutions of the venom without the ink. Probably some of the spreading factor 
is absorbed by the carbon particles, as demonstrated in other instances by Favilll 
and McClean (8). 
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a control injection was made consisting of 0.5 cc. of saline plus 0,25 cc. of ink. As 
a rule no more than 5 dilutions of venom were tested on the same animal. 

The area of epidermis beneath which the ink particles had spread was measured 
at the end of 24 hours, and recorded in square centimeters. The character of the 
lesions produced was graded from extremely pronounced through intermediate 
stages to very mild. The extremely pronounced lesions were those which were 
very hemorrhagic, edematous, and necrotic. The very mild lesions were those 
which showed only eiythema, which disappeared in 24 to 48 hours. The inter- 
mediate classifications were represented as gradations between these extremes. 
Essentially the same technique and nomenclature were used when testing the 
effect of the addition of venoms to bacterial and viral suspensions, injected 
intradermally. 

The Relationship helween the Spreading Factor and the Local and General 
Toxicity of Snake Venom 

In a preliminary survey we studied the effect on the rabbit of the 
fresh or drj’- venoms of 9 spedes of poisonous snakes as compared 
with the effect of extracts of supralabial glands of 2 spedes of harm- 
less snakes. 

ExpcrivtcnI . — Progressive saline dilutions of the venom or of the supralabial 
gland extract were injected intradermally in one side of rabbits in the amount of 
0.5 cc. mixed with 0.25 cc. of India ink so as to be able to judge the extent of 
spreading. The same injections were repeated in the other side using saline solu- 
tion instead of India ink. Each venom was tried on a separate rabbit. Details 
and results of the tests are given in Table I. 

It is apparent from Table I that all the snake poisons have a more 
or less marked spreading power, and that extracts from the supralabial 
glands of harmless snakes do not. The bleb formed by the injection 
of the venoms flattens out immediately and the injected material 
spreads through the skin, causing a hemorrhagic and edematous 
lesion. It is also seen that the lesions produced by venoms from 
the Viperidae are larger and more severe than those produced by 
the venoms of the Colubridae family. The fact that 6 out of 10 of 
the rabbits injected with venoms of the latter group died within 15 
hours, whereas none of those injected with the venoms of the Viperidae 
died, emphasizes the distinction between the locus of action of these 
two groups of venoms, in agreement v.'ith the early work of-Fle.xner 
and of Noguchi (7) who found that venoms from the Viperidae (rattle- 
snakes) contain barge amounts of locally acting toxins, and compara- 



TABLE I 


Spreading Power and Local and General Toxic Power of the V cnoms and Snpralabial 
Gland Extracts of Varmis Snakes 
{Results after 24 Hours) 
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snake 
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dae pro- 
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tion and snake 
species 

Asta. of spread and severity of lesion in rabbit skin 
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lively small amounts of neurotoxins, whereas the reverse is true for 
the Colubridae (cobras). 

Independence of the Spreading and Toxic Effect of Snake Venom 

The injection of rattlesnake venom into the skin is followed almost 
immediately by a remarkably acute hemorrhagic necrosis. It might 
be argued that such a substance, by destroying all of the physiologic 
barriers to the spread of fluids in the tissues, would permit a spreading 
of any associated fluid or particulate matter. That this is not the 
case is shonm by the following experiment in which the toxicity of 
the venom was markedly reduced bj’- heating. The spreading fac- 
tor from other sources has been shown to be comparatively ther- 
mostable (9). 

Experimciil . — 4 samples of rattlesnake venom diluted 1:50 were heated for 25 
minutes at 55“, 65°, and 95°, and for 5 minutes at 100° respectively. After elim- 
inating the coagulated material by centrifugation progressive dilutions up to 
1 : 1000 were prepared from each sample and 0.50 cc. of each dilution was mixed 
with 0.25 cc. of India ink or 0.25 cc. of saline. The ink mixtures were injected 
intradermally into one side and the saline mixtures into the other side of each of 
4 rabbits. The results arc given in Table II. This table gives also the average 
of 6 tests performed with unheated venom on separate rabbits for comparison. 

The experiment shows that the venom heated at 65-100° has been 
largely deprived of its toxicity, but still retains the capacity to in- 
crease the permeability of the dermis. 

The following e-xperiment was carried out to find whether heated 
venom will increase capillar^' permeability. 

Experiment . — 2 rabbits were each injected intradermally with 0.5 cc. of each of 
3 samples of rattlesnake venom, diluted 1 : 100 and heated 25 minutes at 65°, 85°, 
and 100° respectively. 2 more rabbits were similarly injected with dilutions of 
the unheated venom ranging from 1 :5000 to 1:100,000. As a control, 0.5 cc. of 
saline was also injected into each of the 4 rabbits. Immediately after the intra- 
dcimal injections, each animat received an intravenous injection of 4 cc. of a 
0.1 per cent solution of T. 1824.* The intradermally injected venom began to 
f pread at once and the loc.alization of the circulating dye in the affected skin began 
immediately. Practicilly no localization of the dye occurred at the site of the 
saline injections during this time. 

’ A poorly diffusible aro dye which remains a long time in the blood stream. 
-Manufactured now by Eastman Kodak Company under the name of Evans blue. 
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At the end of 24 hours the sites injected with the venom heated at 65°, 85°, 
and 100° appeared as dyed areas measuring 47, 25, and 17 sq. cm. respectively. 
The sites of the injection of the 1:5000, 1:10,000, 1:50,000, and 1:100,000 dilu- 
tions of the unheated venom showed large blue areas measuring 72, 58, 29, and 26 
sq. cm. respectively. Mild hemorrhagic lesions were observed in the areas in- 
jected with venom heated at 65°, and in those injected with the unheated venom, 
diluted 1 : 5000 and 1 : 10,000. 


TABLE n 

Discrimination of the Spreading Factor of Snake Venom from (be Local Toxic 
Factors as Demonstrated by Heating the Venom from a Rattlesnake 
(Crotalus adamanteus) 

(Results after 24 Hours) 


Degree and time of heating 
of the venom solution 

Area of spread and severity of lesion in rabbit skin injected 
with 0.05 cc. venom + 0.25 cc. India ink or saline 

Area of 
spread of 
0.5 cc. saline 
-fO.25 cc. 
India ink 
(control) 

Dilutions of snake venom 

1:50 

1:100 

1:500 

1:1000 


sq, cm. 

sq, cm. 

sq, cm. 

sq. cm. 

sq, cm. 

100° for 5 min. 

17.8 

11.5 

9.0 

11.0 

2.7 


Slight ery- 

Slight ery- 

No lesion 

No lesion 



thema 

thema 


1 


85° for 25 min. 

50.0 

44.5 

9.7 

7.8 

6.7 


Slight ery- 

No lesion 

No lesion 

No lesion 



thema 




1 

65° for 25 min. 


45.6 

22,5 

20.0 

7.8 


1 

MUd 

Very mild 

Very mild 


55° for 25 min. (average 


100.0 

45.0 

30.0 

5.3 

of 2 tests) 


Very pro- 

Pro- 

Mod. pro- 




nounced 

nounced 

nounced 


Unheated (average of 6 

125.0 

95.0 

45.0 

30.0 

6.3 

tests) 

Extremely 

Very pro- 

Pro- 

Mod. pro- 



pronounced 

nounced 

nounced 

nounced 



The experiment shows that the venom rendered practically atoxic 
by heating or dilution still retains its abilit)'’ to increase the perme- 
ability of the blood capillaries, and thus allows the rapid escape of 
a circulating dye into the tissue spaces of the injected site. 

In order to eliminate the complicating factor of the vascular re- 
actions (hemorrhage and edema) brought about by the toxin, injec- 
tions of venom were made into excised skin. It is known that the 
spreading factor from other sources exerts its action in the skin of 
the dead rabbit (10). 
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Experiment.— 2 rabbits -were killed by air embolism. Then one received in one 
side three 0.50 cc. injections of rattlesnake venom in dilutions of 1 : 50, 1 : 100, and 
1:1000, mixed -with 0.25 cc. of India ink. The skin of the second rabbit vras 
excised, nailed down to a board and injected as above. As a control, the usual 
saline and India ink mixtures were injected. The bleb formed by the venom 
mixtures disappeared as promptly as when injected into the living animals. 

After 24 hours the areas of ink spread where the venom was injected were from 
3 to 6 times larger than the control areas. In the excised skin the difference was 
less pronounced although quite clear. 

The experiment shows that when snake venom and India ink were 
injected into the skin of dead rabbits the mixture spread through the 
tissue. The areas of spread were smaller than those which obtain 
in the living animal, and naturally, in the skin of the dead animal 
none of the edema and hemorrhage usually produced by the venom 
was present.'* 

Intravenous injection of venom was used as another means of 
eliminating the local toxicity of the venom. It has been previously 
shown (2, 5) that spreading factors from testicle and bacteria, when 
injected into the vascular system, bring about an increase of perme- 
ability of the whole skin. 

Experiment . — Mixtures of 0.50 cc. of saline plus 0.25 cc. of India ink were in- 
jected intradermally into each of 3 rabbits. The familiar discoid, convex bleb 
about 4 sq. cm. was formed in ever>' case. 2 of the animals were then injected 
intravenously with 0.02 gm. of dry rattlesnake venom dissolved in 1 cc. of saline, 
while the third rabbit was left as a control. The injection of venom was followed by 
immcdiatesignsofrespiratoiy disturbance and the animak died in about 40 to 50 
minutes. 4 more intradermal injections of ink were made at intervak while they 
were still alive and up to 2 hours after their death, and the resultant spreads were 
measured 5 hours after death. In every case the spreading was obseu-ed to in- 
volve an area 3 or 4 times as large as the bleb formed in the control rabbit. No 
gross evidence of tissue damage was observed in these areas. 

Tlius the spread of an India ink suspension in the skin is enhanced 
when the rabbit is inoculated intravenously with snake venom. The 
penneability of the skin has been obviously increased by the dr- 

* The h-ict that final spreads in the living animal arc much larger than in the 
dead one suggests that liquid from the circulating blood aids the spreading. An 
.action of the spreading factor on blood capillaries must be thought of in this 
connection. 



76 


SPREADING FACTOR IN SNAKE VENOMS 


culating venom. Not improbably the latter passes into skin recently 
injected with ink as not elsewhere. 

Enho-ncc'incnt of Vitus mid Boctcticil Inf odious by the Sptcoding Fadot 

We have previously shown (2, 5, 6) that under certain conditions, 
the spreading factor greatly enhances experimental infections in the 
skin. These experiments were repeated with rattlesnake venom. 

Experiment. — Samples of 0.5 cc. of venom were mixed with 0.5 cc. of dilutions 
of vaccine virus or a suspension of Staphylococcus aureus or bacillus of mouse 
typhoid II. Each resulting mixture of infectious agent and venom was injected 


TABLE ni 

Enhancement of TTras and Bacterial Lesions by the Injection with Rattlesnake Venom 
(Crotalns adamantcus) Deprived of Toxicity 


O.Sp cc. venom or saline injected along 
■with 0.50 cc. of suspension of the in- 
fectious agent 

Area of lesions produced by infectious agent injected along 
with venom or saline 

Results after 8 days 

Results after 2 days 

Vaccine 
virus 1:1000 

Vaccine 
virus 1:100 

Vaccine 
virus 1:10 

Staphylo- 

coccus 

Mouse 

typhoid 


sq, cm. 

sq, cm. 

sq, cm. 

sq, cm. 

sq. cm. 

Venom 1:50 heated at 100'’C. 

7.4 , 

12.4 

34.7 

23.6 

16.5 

Saline solution (control) 

7.5 

12.9 

21.7 

18.0 

8.4 

Venom 1:50 heated at 7S°C. 

30.8 

75.9 

68.2 

42.4 

20.8 

Saline solution (control) 

19.3 

42.0 

34.0 

1 18.0 

8.4 

Unheated venom that has lost its 




69.2 


toxicity 1:1000 






Saline solution (control) 




18.0 



intradermally on one side of a rabbit. As a control, the infectious agent alone 
was injected on the other side. In order to eliminate the disturbing toxic factor 
of the venom, it was heated at 75° for 25 minutes or at 100° for 5 minutes. We 
also used a 1 : 1000 dilution of venom which we knew had lost most of its toxicity 
by long standing in the ice box. The results are given in Table III. 

Venom heated at 75°, as well as unheated venom that had lost 
its to.xicity on standing, markedly enhanced both bacterial and virus 
infections. Venom heated at 100° also enhanced the infections but to 
a much lesser extent than the other 2 preparations. Therefore, from 
the point of view of its effects on infection the spreading factor from 
rattlesnake venom behaves like the spreading factor from testicle 
and from invasive bacteria. 
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Action of Antivenom Serum on the Spreading P ower of Snake Venom 

Experiments were undertaken in an attempt to reveal with anti- 
toxin the extent of the linkage between spreading and toxic factors in 
snake venom. The antigenicity of the spreading factor from testicle, 
and from invasive bacteria had previously been investigated (11, 12). 

Experiment . — 3 rabbits were immunized against rattlesnake venom by an 
intradermal injection of 1 cc. of it, diluted 1:50, repeated twice later at weekly 
intervals. These injections produced the familiar local hemorrhagic lesions which, 
however, healed promptly. 10 days after the last injection the sera of the rabbits 
was found to possess a high titre of precipitins against rattlesnake venom. They 


TABLE IV 

Partial Stippression of the Spreading Power and Loeal Toxicity of Rattlesnake 
V enom {Crotalus adamanteus) in the Immunized Rabbit 


e 

u 

c 

o 

B 

Venom plus 0.25 cc. India ink ot 0.2S cc. saline. Area of spread and severity of lesion 

*o 

o C 


Immune rabbit 


Normal rabbit (control) 


o 










s6 
rs o 

s 

Is 

40 min. 

2Iirs. 

5 brs. 

2i brs. 

40 iruo. 

2 hrs. 

5 hrs. 

24 hrs. 

O 

< 










CC. 

1 ^. cm. 

sq. cm. 

tq.cm. 

sq. cm. 

cm. 

sq. cm. 

sq. cm. 

sq.cm. 

1:1000 

0.50 

6.9 

12.5 

18.0 

15.0 

7.7 

12.5 

18.0 

20.0 



Slishtery- 

Vef>' JTiHd 

Mod. pro- 

Mod. pro- 

Mild 

Mod. pro- 

Mod. pro- 

Pro- 



thema 


oounced 

pounced 


pounced 

pounced 

pounced 

1:100 

0.50 

6.3 

13.2 

16.1 

21.8 

8.8 

16.4 

25.0 

57.0 



Very mild 

Mod. pro- 

Mod. pro- 

Pro- 

Mod. pro- 

Fro- 

Fro- 

Very pro- 




nounced 

Dounced 

pounced 

pounced 

pounced 

pounced 

pounced 

1:10 

0.25 


12.5 

23.1 

39.2 


13.5 

36.5 

64.0 




Tro- 

Pro- 

Pro- 


Vcr>’ pro* 

Vcr>' pro- 

Very pro- 




nouncec 

flounced 

1 Dounced| 

pounced 

pounced 

pounced 


were now injected intradermally with dilutions of this venom mi.'jed with cither 
India ink or saline. Care was taken to choose sites in the skin which had not 
been previously injected. At the same time 3 normal rabbits were injected with 
the same venom dilutions. The resulting spreads and the character of the lesions 
in botii groups of animals were recorded. In order to simplify the presentation of 
data, results from one control and one experimental animal arc shown in Table IV. 
The other two pairs gave entirely similar results. 

/ir/rrimcj.y.— Dilutions of rattlesnake venom at 1:100, 1 : 1000, and 1 : 10,000 
were rcsiKCtively added to an equal volume of cither normal serum or serum from 
a r.abbit partly immune to the venom. The mixtures were allowed to remain in 
contact for 0 hours at and overnight in the ice box. In those mixtures 
containing immune scrum flocculation occurred, whereas the control mixtures 
renvained clc.ar. A rabbits were injected intradermally on one side with 0.50 cc. 
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of each of the immune serum mixtures (previously shaken), together with either 
0.25 cc. of India ink or saline, and on the opposite side with the normal serum 
mixtures plus India ink or saline. The results obtained in everj^ case showed that 
the mixtures containing venom plus immune serum spread the ink much less and 
produced milder lesions than those containing normal serum. Details from tests 
on 2 of the rabbits are shown in Table V. 

These two experiments show that the specific antiserum neutralizes 
both the toxic factor and the spreading factor in snake venom, and 
that this neutralization takes place in vitro as well as in vivo. 


TABLE V 

Partial Suppression of the Spreading Power and Local Toxicity of Snake Venom 
(Crotalus adamanfeus) by the Specific Antitoxin 
(Results after 24 Hours) 


Area of spread and lesions produced by O.SO cc. of mixture of venom and sera 
plus 0.25 cc. of India ink or saline 


Immune serum 


Dilu- 
tions of 
venom... 

1:100 

1:1000 

1:10,000 


sq, cm. 

1 

sq. cm. 

sq,cm. 

Rabbit 1 

35.5 

19.3 

■iWil 


Pronounced 

Mod. pro- 
nounced 

Mild 

Rabbit 2 

2P.8 

17.9 

9.1 


Mod. pro- 
nounced 

Mod. pro- 
nounced 

Mild 


Normal scrum 

1:100 

1:1000 

1:10,000 

sq. cm. 

sq. cm. 

sq. cm. 

68.4 

26.2 

M.2 

Very pro- 

Pronounced 

Mod. pro- 

nounced 


nounced 

62.0 


12.5 

Very pro- 

Mod. pro- 

Mod. pro- 

nounced 

nounced 

nounced 


Studies on the Venom from Toads 

In the light of the above observations it was of interest to know 
whether spreading factors are associated with other animal poisons. 
The secretions from the parotid and other skin glands of toads were 
next studied from this point of view. 

Experiment . — The dried secretions of the skin glands of 6 species of toads were 
each extracted with saline in the proportion of 1 : 50. After centrifugation 0.5 cc. 
of each extract was injected intraderraally into one rabbit, along with 0.25 cc. of 
India ink or 0.25 cc. of saline. Control mixtures were injected using saline instead 
of venom. The results obtained were as follows : 

The poisons of 3 species, Bufo btifo, B. viridis viridis, and B. arenarum, were 
found to be entirely devoid of spreading factor. Local lesions were absent or 
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extremely mild. However, the general toxicity which these poisons are known 
to possess was shown in our tests, since each rabbit injected died within a few 
hours. The poisons from 3 other species, Bufo formosiis, B. alvarius, and Ch’an 
Su, proved to have a moderate amount of spreading factor, the areas of skin over 
which the ink extended being 2 to 4 times the control area. 2 of the materials 
produced a moderate local skin reaction. The third, that of B. aharitis, gave rise 
to no evident lesion. The general toxicity proved less with these last 3 venoms, 
the rabbits recovering after some intoxication. 

These experiments show that the venoms of toads contains very 
little spreading factor or none, despite the fact that they are extremely 
potent poisons for the drcnlatory and nervous systems.® 

DISCUSSION 

It seems apparent from the above experiments that the venom from 
many snakes contains a factor capable of increasing the permeability 
of coimective tissue and blood capillaries. Of considerable interest 
is the finding that the venom from various species of snakes differs 
considerably in spreading power, and apparently does so independently 
of its toxicity. Thus the spreading power is great in the Viperidae 
(rattlesnake) family, and relatively scant in the Colubridae protero- 
gliTiha (cobra) family. These two groups are characterized by the 
local action, and the neurotropic action, respectively, of their venoms. 
The secretions of the skin glands of toads are very toxic, and yet are 
almost devoid of any spreading factor. They also have very little 
local effect upon the tissues. Taking the facts together it would 
appear that a relationship e.xists between local tissue action and 
spreading factor content. This relationship may be analogous to 
that which has been discussed in connection with bacterial agents 
(5, 6). A distinction was drawn between invasive bacteria, w’hich 

* Besides snakes and toads, insects were also studied as possible sources of 
spreading factor (1). Their whole bodies were ground and extracted and for 
this reason the results obtained deserve only brief mention. It was found that 
extracts of spiders, bees, wasps, and mosquitoes injected together with India ink 
into the rabbit skin brought about areas of spread several times larger than the 
control even when used at high dilutions. Spider extract was the most active 
in this respect. On the other hand c.xtracts of non-poisonous insects as, c.j. 
crickets, grasshoppers, dragon-flies, etc., were inactive. These preliminarv' 
results arc only suggestive of a possible .association of the venom with a spreading 
factor in the poisons. 
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liberate spreading factor, thus aiding their spread through the tissues, 
and virulent bacteria, which are devoid of spreading factor and rel)’’ 
upon other means to maintain and augment their status as pathogens. 
The locally acting rattlesnake venom containing spreading factor 
may be likened in this regard to Clostridium welcJiii, and toad venom 
may be likened to Clostridium tetani. 

The relationship between the spreading factor and the toxins of 
snake venoms is not yet understood. The experiments conducted 
with heated venom, and those performed upon the excised skin, 
indicate that the two factors can be dissociated. On the other hand 
the specific antiserum of animals immunized with venom inhibits or 
suppresses both. In this connection it is of interest that extracts of 
the cells of the poison gland of the rattlesnake contain very little 
toxin, or spreading factor, but that both are present in the secretion 
of the gland (13). 


CONCLUSIONS 

The venom of several species of poisonous snakes acts to spread 
India ink through the skin as do the spreading factors procurable from 
certain tissues and elaborated by invasive bacteria. The factor is 
most abundant in the venom of the Viperidae (rattlesnake) family 
and relatively scant in the venom of Colubridae proteroglypha (cobra) 
family, and it is absent from toad venom. Extracts of the supralabial 
glands of harmless snakes contain only negligible amounts of the 
factor. 

Rattlesnake venom heated at 65° to 100° loses a large proportion 
of its toxicity but retains the ability to spread ink. 

Rattlesnake venom that has lost its toxicity on standing or on 
heating markedly enhances the infection produced by bacterial or 
virus suspension in the rabbit skin. 

Antivenine serum inactivates both the to.xic and spreading factors 

of venom. 
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The investigations of Eriksson-Quensel and Svedberg (1) have 
accurately defined the molecular weights and pH stability regions of 
the hemocyanins. They have shown that the hemocyanins from a 
large number of different species are dissociated into smaller molecules 
when the pH of the solution exceeds the critical limit on either side 
of the stability region. In all species studied it was found that the 
dissociated molecules had weights which were simple fractions of the 
molecular weights of the native hemocyanins, e.g. Xjl, 1/4, 1/8, 1/16, 
etc. They have also demonstrated that the dissociation of hemo- 
cyanins is in almost ever}'' instance largely a reversible phenomenon 
and that upon returning the solution to a pH within the stability 
region molecules of the original weight are reformed. 

From a consideration of these facts it seemed reasonable to speculate 
as to what would occur if the hemocyanins from two different species 
were mixed; dissociated into fractions and subsequently reassodated 
so that molecules of the original size Avere reformed. Two possibili- 
ties were quite eddent: (fl) the fractions of the hemocj'anin molecules 
of each of the two spedcs could only reunite with their own kind 
and would therefore reform the two original components, (b) the 
two different fractions could unite with each other as well as with 
their own kind and would therefore form an uncertain amount of a 
mi-xed hcmocyanin besides the two original components. If the 
atlmctivc forces whidi act between the dissodated fractions of the 
hcmocyanin of a single species were considerably greater than those 

* Aided by Krants from the Anderrson and the Wallenberg Foundations. 
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which act between the dissociated fractions of the hemocyanins of dif- 
ferent species, it was to be assumed that only the original components 
would be formed. On the other hand, if the forces which act upon 
the various fractions were independent of the species derivation of 
these fractions, a mixed hemocyanin could also be formed. 

This problem is of considerable general importance since it is known 
that there is a very marked specificity in certain reactions between 
proteins, for example immunological and enzymatic reactions. 

It has recently been demonstrated that chemically dissimilar sub- 
stances even though they may possess similar molecular weights can 
readily be separated and identified by means of the electrophoretic 
technique (2) The method has been found to be particularly useful 
in the isolation and identification of single molecular species in mix- 
tures and has been successfully used with such complicated mixtures 
as, for example, mammalian sera. Although the molecular weights of 
the hemocyanins of certain species, c.g. Helix pomatia, Helix nemoralis, 
Littorina littorea, etc., are of the same order of magnitude, about 
6,680,000 (1), the electrophoretic mobilities of these proteins are 
quite different (3). This difference in mobility under the influence 
of an electrical field is a property by means of which various hemo- 
cyanins of identical molecular weight can be identified in a solution 
containing those from two or more species. 

It was thought to be probable that in the case that mixed hemo- 
cyanin molecules were formed upon the reassodation of mb:ed and 
dissociated fractions of hemocyanins from two spedes, these sub- 
stances would possess sufficiently different electrochemical properties ^ 
as compared with those of the native single hemocyanins to permit of 
their recognition electrophoretically. A quantitative study of certain 
diaracteristics of the electrophoretic tedmique with various hemo- 
cyanins as test objects has been carried out recently in this labora- 
tory (4). The improved electrophoresis apparatus described by 
Tiselius (5, 6) has been used throughout these investigations. With 
the aid of the information which has been acquired in this more general 
study it was considered possible to approach the problem presented 

^ Landsteiner, Longswortli, and van der Scheer {Science, 1938, 88, 83) have 
recently reported differences in the electrophoretic mobilities of both egg albu- 
mins and hemoglobins from different species. 
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by the dissociation and reassociation of mixed hemocyanins from dif- 
ferent species. 

Because of tbe close biological relationship between Helix pomaiia 
and Helix iiejnoralis the initial experiments were made with the mixed 
hemocj'anins from these two species. Both hemocyanins have mo- 
lecular weights of about 6,680,000 and both are completely dissociated 
into fractions of l/8th the initial weight, about 810,000 at pH 8.5 (1). 
At pH 3.8 both these hemocyanins are approximately 40 per cent (7) 
dissociated into fractions of 1/2 the original weight, about 3,300,000 
(1). Additional experiments were also carried out with the mixed 
hemocyanins from Helix pomaiia and Lillorina liilorea which are 
much more distantly related biologically. At pH 8.5 the latter is 
partially dissociated into fractions of 1/2 and 1/8 the weight of the 
ori^nal molecules. 

It is the purpose of this paper to report the production of a number 
of mixed hemocyanins each of which contains fractions of dissociated 
hemocyanins from two different species, 

EXPERniENTAL 

Ilcmocyamns . — blood was withdrawTi from Eelix pomaiia, Helix tie- 
moralis and Lillorina liilorea? The blood was filtered through paper and dialyzed 
through cellophane against phosphate buffer (which contained 0.025 ii NasHPOi 
and 0.025 m NaH-POd at pH 0.85 and ionic strength, p, = 0.1 at -p 4°C. Dialysis 
was continued for a period sufficiently long to achieve constant electrophoretic 
mobility of the hemocyanins (4). Between e.vperiments the hemocj'anin solutions 
were frozen and stored at — lO'^C. 

When it was desired to dissociate the hemoc>’anins they were dialyzed against 
0.05 M NaCl for 18 hours at -p 4°C. in order to free them of buffer. The desired 
buffer was then added directly to the hemocj’anin solution. \\Tien dissociation 
was desired the following buffers were added to the freshly dialyzed solutions; 
for dissociation at pH 8.5, 18.0 cc. of 0.2 M KH:PO« and 32.0 cc. of 0.1 m NaBiOr, 
for dissociation at pH 3.8, 20.8 cc. of 0.1 x HCl and 19.2 cc. of 0.1 m Na citrate. 
After standing for 1 hour at 20’C. the solution was then redialyzcd against repeated 
changes of the phosphate buffer described above. 

FJrcirophoresis.—'Yhc. improved electrophoresis apparatus described by Tiselius 
(•S 6) has been used. In most instances the small apparatus with a sample 
capacity of 2 cc. has been used, while in certain c.Tpcrimcnts the larger apparatus 

■ Wc arc indebted to Dr. G. Gustafson of the Kristineberg Zoological Station 
for a supply of Litlrrir.j lincrca. 
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with a U tube capacity of 11 cc. has been utilized. The entire electrophoretic 
technique has been kept as constant as possible from one experiment to another. 
In every instance the hemocyanin solution has been diatyzed against the same 
phosphate buffer, described above, and as routine this has been used as the super- 
natant solution over the hemocyanin in the U tube of the electrophoresis appara- 
tus. The pH of the buffer has been determined by means of the h3fdrogen electrode 
and has varied only between 6.84 and 6.86. Conductivity of the buffer has 
varied only between 2.77 and 2.82 X 10~® mho. The potential gradient, F, 
has been kept between 8.58 and 8.74 F/cm. in the smaller apparatus and between 
9.04 and 9.22 F/cm. in the larger apparatus. All experiments have been carried 
out with the apparatus in the thermostat at between 0.3 and 0.7°C. In all experi- 
ments the scale method of Lamm (8) has been used. Photographs of the moving 
boundaries have been taken as routine at intervals of 25 minutes and more fre- 
quently when desired. The positions of the scale lines have been determined in 
the usual way by means of a microcomparator. The displacement of the scale 
lines, Z, in ji, has been plotted against the position of the displaced lines. In the 
diagrams thus obtained Z is proportional to the concentration gradient dc/dx 
in the cell. Electrophoretic mobilities have been determined botli by means of the 
Toepler Schliercn method and also by means of the multiple scale method dia- 
grams. The mobilities as determined bj' these two metliods agree within 1 
per cent. 

Single Native Hemocyanins 

Solutions of native hemocyanins from Helix pomatia, Helix ncmO' 
ralis, and Littorina littorca, which had been dialyzed against the phos- 
phate buffer described above, were studied in the electrophoresis 
apparatus. In the case of Helix pojnatia and Helix nenwralis it was 
found that if adequate precautions were taken in the initial with- 
drawal of the blood and if the dialyzed solutions of the hemocyanins 
were stored frozen at — 10°C. between experiments, these two hemo- 
cyanins migrated as single components. The hemocyanin of Lit- 
torina littorea, however, showed evidence of two components which 
migrated with somewhat different mobilities. The faster or main 
component constituted approximately 75 per cent of the hemocyanin 
while the slower or minor component comprised the remaining 
25 per cent. 

Examples of the electrophoretic scale method diagrams from three 
typical experiments with the native hemocyanins from these three 
species are shown in Figs. 1, 2, and 3. 

All three photographs were taken 50 minutes after the electrical circuit had 
been closed at a potential gradient, F,of 8.74 F/cm. The v-cry different migration 
distances of these three boundaries in a constant time mten-al demonstrates 
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graphically the differences in their electrophoretic mobilities since the experi- 
mental conditions vrere constant in the three experiments. 

Fig. 1 shows the scale line displacement, Z m n, produced by the moving 
boundary of a 0.96 per cent solution of native hemocj'anin from Belix pomalia. 
It will be observed that only one component is present. This component has an 
electrophoretic mobility of -3.58 X 10“* cm.^, voft.'S sec.->. 

Fig. 2 shows the scale line displacement, Z in p, produced by the morang 
boundary of a 0.82 per cent solution of native hemocj-anin from Hdix nemoralis. 
In this case also but one component is present. This component has an electro- 
phoretic mobility of -5.52 X 10"' cm.*, volt.-S sec.-h 



Fig. 1. Electrophoretic diagram, scale method, of Belix pomalia hemocj-anin, 
native, 50 minutes after closing electrical circuit. F = 8.74 F/cm. Migration, 
9.18 mm. Phosphate buffer, pH 6.86, ionic strength = 0.1. u = —3.58 X 10"® 
cm.’, volt"’, sec."’. 0.96 per cent hemocj’anin. 

Fig. 2. Electrophoretic diagram, scale method, of BcIix Kewmrah'r hemocj-anin, 
native, 50 minutes after dosing electrical circuit. F = 8.74 V/an. Migration, 
14.26mm. Phosphate bufler, pH 6.84, ionic strength = 0.1. u = — 5.52 X 10"® 
cm.’, volt"’, sec."’. 0.82 per cent hcraocj-anin. 

Fig. 3 shows the scale line displacement, Z in ft, produced by the mor-ing 
houndarj’ of a 0.80 per cent solution of native hemocyanin from Lillorina litlorea. 
The greater portion of the curve results from the faster component but the slower 
component is also plainly visible. These two components have electrophoretic 
mobilities of —7.64 and —7.05 X 10"® cm.’, volt."’, sec."’ respectively. 

Additional scale photographs in these and in numerous other e.xperi- 
ments failed to show any evidence of any components other than those 
illustrated for these native hemoev'anins in Figs. 1 to 3. In certain 
c.xpcrimcnts these three native hemoex’anins were run for a period 
sufficiently long to permit of maximum migration in the electro- 
phoretic apparatus. 
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Single Dissociated and Reassociated Hemocyanins 

The solutions of native hemocyanins from Helix pomatia and Helix 
nemoralis were treated in the manner described above and were 
brought to pH 8.5 by the addition to them of borate buffer. At this 
pH both of these hemocyanins dissociate into fractions 1/8 the weight 
of the native molecules (1). The solutions were then dial)^zed against 
repeated changes of phosphate buffer at pH 6.85 in order to cause 
reassociation and the reformation of molecules of the original size. 



Fig. 3. Electrophoretic diagram, scale metliod, of Liliorina litlorea hemo- 
cyanin, native, 50 minutes after closing electrical circuit. F = 8.74 V/cm. 
Migration, 19.75 mm. Phosphate buffer, pH 6.85, ionic strength =0.1. u = 
— 7.64 X 10“'* cm.^ volt-b sec.“^. 0.80 per cent hemocyanin. 

Fig. 4. Electrophoretic diagram, scale method, of Helix pomatia hemocyanin, 
dissociated at pH 8.5 and reassociated at pH 6.8, 150 minutes after closing electri- 
cal circuit. F = 9.22 F/cm. Phosphate buffer, pH 6.84, ionic strength =0.1. 
u = -2.97 X 10"® cm.^, volt"^ sec.-h 0.69 per cent hemocyanin. 

Ultracentrifugal analysis of a similarly dissociated and reassociated 
solution of Helix pomatia hemocyanin indicated conclusively that 
molecules of the original weight had been reformed. In the case of 
both the native hemocyanin and the dissociated and reassociated 
hemocyanin there was only one homogeneous component in the ultra- 
centrifugal diagrams. The former component had a sedimentation 
constant of 92.7 while the latter component had a sedimentation 
constant of 98.6 X 10~”. 

These dissociated and reassociated hemocyanin solutions were then 
studied in the electrophoresis apparatus. Examples of electro- 
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phoretic scale method diagrams from typical experiments with these 
solutions are shown in Figs. 4 and 5. 

Fig. 4 shows the scale line displacement, Z in ft, caused by the moving boundary 
of a 0.69 per cent solution of Eelix pomalia hemocyanin which had been dis- 
sociated at pH 8.5 and reassociated at pH 6.84, This photograph was taken 
150 minutes after closing the electrical circuit at a potential gradient, F, of 9.22 
F/cm. Only one component is present and this has an electrophoretic mobility 
of -2.97 X 10"® cm.-, volt"*, sec."*. It w'ill be noted that this mobility is 
significantly Ipwer than that obtained with the native hemocyanin. A series of 
experiments with Eelix pomalia hemocyanin, dissociated at pH 8.5 and reasso- 
ciatcd at pH 6.8 have showm a quite constant decrease in the electrophoretic 
mobility, —3.08, as compared with that of the native hemocyanin, —3.53 (4). 



Fig. 5. Electrophoretic diagram, scale method, of Eelix itemoralis hemo- 
cyanin, dissociated at pH 8.5 and rcassociatcd at pH 6.8, 150 minutes after closing 
electrical circuit. F = 8.74 F/cm. Phosphate buffer, pH 6.85, ionic strength = 
0.1. u >= —5.28 X 10"® cm}, volt"*, sec."*. 0.42 per cent hemocj'anin. 

This has amounted to a 12 per cent reduction in the mobility under the stated 
experimental conditions. 

Fig. 5 shows the scale line displacement, Z in ft, produced by the moving bound- 
aiy of a 0.42 per cent solution of Eelix ncmoralis hemocyanin which had been 
dissociated at pH 8.5 and rcassociatcd at pH 6.85. This photograph was taken 
150 minutes after closing the electrical circuit at a potential gradient, F, of 8.74 
T/cm. In this cise also only a single component is present and this has an electro- 
phoretic mobility of -5.28 X 10"® cm.-, volt"*, sec."*. .\ decrease in the electro- 
phoretic mobility after dissociation at pH 8.5 and rcassociation at pH 6.8, similar 
to but less marked than that noted in the case of Eelix pomalia hemocyanin, has 
also been found in the case of Eelix r.emoralis hemocyanin. This reduction in 
mobility docs not exceed 5 per cent (4). 
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Although a large number of electrophoretic diagrams have been 
made with the solutions described above, in no case have additional 
components been observed after the dissociation and reassociation of 
these hemocyanins. 

Because of the very small size of Littorina littorea it is ver}' difficult 
to collect more than a small quantity of blood. In order to carrj'’ out 
all the other necessary experiments it was essential to conserve the 
small supply of this hemocyanin which was at hand. It was therefore 
not possible to determine its electrophoretic mobility after-dissociation 
at pH 8.5 and reassociation at pH 6.8. 

It will be observed that the boundaries in Figs. 4 and 5 appear 
somewhat wider at their bases than was the case with the boundaries 
of the same two native hemocyanins shown in Figs. 1 and 2. It will 
be recalled, however, that the photographs for Figs. 1 and 2 were taken 
at 50 minutes whereas those for Figs. 4 and 5 were taken at 150 
minutes. Similar boundary spreading with increasing time occurs in 
the case of the native hemocyanins, as is well shown in Fig. 6, a photo- 
graph of native hemocyanin boundaries taken 125 minutes after closing 
the electrical circuit. The boundary-spreading phenomenon in 
electrophoresis and its significance have been discussed in another 
paper (4). It will suffice to state here that this phenomenon in no 
way interferes with the interpretation of the present experiments. 

Mixed Native Hemocyanins 

Solutions of native hemocyanins from Helix pomatia and Helix 
nemoralis were mixed so that the electrophoretic diagrams of the two 
single components could be studied simultaneously in the same solu- 
tion. Solutions of native hemocyanins from Helix poniaha and Lit- 
torina littorea were similarly mixed for the same reason. 

On the basis of the known differences between the electrophoretic 
mobilities of these three hemocyanins it was anticipated that in 
these solutions of mixed native hemocyanins it would be possible 
readily to separate and identify the individual components. This 
expectation was borne out by the experiments. 

Examples of scale method electrophoretic diagrams from tj^pical 
experiments with mixed native hemocyanins are shown in Figs. 6 
and 9. In both instances the individual components arc sharply 
defined and well separated from each other. 
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Fig. 6 shows the scale line displacement, Z in ;i, produced by the moving bound- 
aries of native hemocyanins from Helix pomalia and Helix nemoralis in a solution 
containing both hemocyanins. This photograph was taken 125 minutes after 
closing the electrical circuit at a potential gradient, F, of 8.58 F/ cm. The electro- 
phoretic mobility of the single Helix pomalia component, which has been des- 
ignated H.P., is —3.39 while that of the Helix nemoralis component H.N. is 
— 5.50 X 10~® cm.^, volt“S sec.~h This solution contained a total of 0.58 per 
cent hemocyanin of which 64 per cent was from Helix pomalia and 36 per cent 
was from Helix nemoralis. 

Fig. 9 shows the scale line displacement, Z in p, produced by the moving bound- 
aries of native hemocyanins from Helix pomalia and Liltorina littorea in a solution 
containing both hemocyanins. This photograph was taken 52 minutes after 
closing the electrical circuit at a potential gradient, F, of 8.64 F/cm. The solution 



Fig. 6. Electrophoretic diagram, scale method, of mixed Helix pomalia (H.P.) 
and Helix nemoralis (H.N.) hemocyanins, native. 125 minutes after closing the 
electrical circuit. F « 8.58 F/cm. Phosphate buffer, pH 6.86, ionic strength 
•“ 0.1. u (H.P.) ■= —3.39; u (H.N.) = —5.50 X 10~® cm.-, volt“^, sec.“*. 
0.37 per cent H.P. and 0.21 per cent H.N. hemocyanins. 

contained a total of 0.93 per cent hcmoc>-anin of which 56 per cent was from 
Helix pomalia and 44 per cent was from Liltorina littorea. The electrophoretic 
mobility of the Helix pomalia hemocj'anin, H.P., is -3.37 and those of the major 
and minor components of Liltorina lillorca hemocj-anin, L.L., are -7.90 and 
- '•29 X 10-' cm.% volt-*, sec.-* respectively. In none of the experiments with 
these solutions of mixed native hcmoc>-anins were any additional components 
obscia-cd. It will be noted that the mobilities found for the individual compo- 
nents in the mixed hemocyanin solutions correspond closely to those found for the 
single native hemocyanins. 

Mixed IJcmocyamns, Dissociated and Rcassociatcd 

The previous c-xperiments reported in this paper had as their par- 
tial object the adequate control of the following experiments with 
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mixed hemocyanins which were dissociated and subsequently reasso- 
ciated. 

Solutions of mixed native hemocyanins from Helix pomatia and 
Helix nemoralis were treated as described above and were brought to 
pH 8.5 by the addition of borate buffer. At this pH both hemo- 
cyanins are completely dissociated into fractions of 1/8 the weight 
of the native molecules (1). The mixed hemocyanins were then reas- 
sociated at pH 6.85. 

An example of the scale method electrophoretic diagrams obtained with these 
solutions is shown in Fig. 7. For comparison with the diagram obtained witli the 
same mixed native hemoci'anins it will be well to refer to Fig. 6. Both e.xperi- 
ments were carried out under identical conditions and both photographs were 
taken 125 minutes after closing the electrical circuit. 

Fig. 7 shows the scale line displacement, Z in /n, produced by the moving bound- 
ary of the hemocyanins which result from the dissociation at pH 8.5 and tlie 
subsequent reassociation at pH 6.85 of mixed hemocyanins from Helix pomatia 
and Helix nemoralis. The solution contained a total of 0.98 per cent hemocyanin 
of which 55 per cent was from Helix pomatia and 45 per cent was from Helix 
nemoralis. The potential gradient, P, was 8.74 F/cm. The electrophoretic 
mobility of the maximum peak of this curve is —3.97, whereas the mobilities of 
the fastest and slowest moving portions of the same curve are —5.25 and —2.50 X 
10“® cm.^, volt sec."^ respectively. 

A total of ten scale method electrophoretic diagrams were made at 
various boundary migration distances with this solution and in every 
instance only a single but a very rapidly spreading curve resulted. 
In none of the diagrams was there any separate component whicli had 
a mobility corresponding to that of the dissociated and reassociated 
hemocyanins of either Helix pomatia or Helix nemoralis. 

Another solution of mixed native hemocyanins from Helix pomatia 
and Helix nemoralis after having been treated in the manner pre- 
viously described was brought to pH 3.8 by the addition of HCI-Na 
citrate buffer. At this pH both hemocyanins partially dissociate 
into fractions of 1/2 the weight of the native molecules (1). The 
hemocyanins were then reassociated at pH 6.86. 

An example of the scale method electrophoretic diagrams obtained 
with this solution is shown in Fig. 8. For comparison with the same 
native hemocyanins under similar experimental conditions refer to 

Fig. 6. 
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Fig. 8 shows the scale line displacement, Z in >i, produced by the moving bounda- 
ries of the mixed hemocyanins from Helix potnaiia and Helix nemoralis, after 
these proteins had been dissociated at pH 3.8 and reassodated at pH 6.86. This 
photograph was taken 50 minutes after dosing the electrical circuit at a potential 
gradient, F, of 8.66 F/cm. The solution contained a total of 0.41 per cent hemo- 
cyanin of which 55.5 per cent was Helix pomalia, 39.8 per cent was Helix nemoralis, 
and 4.8 per cent was a new component indicated by X in Fig. 8. The electro- 
phoretic mobilities of these three components were —3.64, —5,55, and —4.35 X 
10“^ cm?, volt"* sec."* respectively. 



Fig. 7. Electrophoretic diagram, scale method, of mixed Helix pomalia and 
Helix nemoralis hemocyanins, dissodated at pH 8.5 and reassociated at pH 6.8. 
125 minutes after closing electrical circuit. F = 8.74 V/exa. Phosphate buffer, 
pH 6.85, ionic strength = 0.1. u (max. Z) = —3.97 X 10"® cm.*, volt"*, sec."*. 
0.98 per cent hcmocyanin. 

Fig. 8. Electrophoretic diagram, scale method, of mixed Helix pomalia (H.P.) 
and Helix nemoralis (H.N.) hemocyanins, dissodated at pH 3.8 and reassociated 
at pH 6.8. 50 minutes after dosing electrical dreuit. F = 8.66 F/cm. Phos- 
phate buffer, pH 6.86, ionic strength = 0.1. u (H.P.) = —3.64-, u (H.N.) = 
-5.55; and u (A') = -4.35 X 10"* cm.*, volt"*, sec."*. 0.23 per cent H.P. and 
0.16 per cent H.N. hcmocj’anin. 

A total of four separate scale method electrophoretic diagrams 
were made with this solution at various boundarj' migration distances 
and in each of the four diagrams the verj- small quantity of A’ com- 
ponent was present. 

Solutions of mixed native hcraocj-anins from Helix pomalia and 
Litlorina Uilorca were treated as described above and were then 
brought to pH 8.5 by the addition of borate buffer. At this pH Helix 
pomalia hcmocyanin is completely dissociated into fractions 1/8 the 
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weight of the native molecules and Littorinci littorea hemocyanin is 
partially dissociated into two fractions of 1/2 and 1/8 the weight 
respectively of the native molecules (1). The hemocyanins were rea- 
sociated at pH 6.86. 

An example of the scale method electrophoretic diagrams obtained 
with solutions of this character is shown in Fig. 10. For comparison 
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Fig. 9 . Fig. 10 

Fig. 9. Electrophoretic diagram, scale method, of mixed Edix pomatia (H.P.) 
and Littoriim liiiorea (L.L.) hemocyanins, native. 52 minutes after closing 
electrical circuit. F — 8.64 V/cxa.. Phosphate buffer, pH 6.85, ionic strength 
= 0.1. u (H.P.) = -3.37; u (L.L. major) = -7.90; and u (L.L. minor) = 
—7.29 X 10“® cm.^, volt“^, sec,~'. 0.52 per cent H.P. and 0.41 per cent L.L. 
hemocyanins. 

Fig. 10. Electrophoretic diagram, scale method, of mixed Edix pomatia 
(H.P.) and Littorina littorea hemocyanins, dissociated at pH 8.5 and reassociated 
at pH 6.8. 40 minutes after closing electrical circuit. F = 8.74 TVem. Phos- 
phate buffer, pH 6.86, ionic strength = 0.1. u (H.P.) = -2.93; u (Xi) = -3.57; 
u (Xz) = -4.90; and u (X3) = -S.89 X lO-^ cm.=, volfS sec.-^. 0.49 per cent 
hemocyanin. 


with the diagram obtained with a solution of the same mixed native 
hemocyanins refer to Fig. 9. 


Fig. 10 shows the scale line displacement, Z in (i, produced by the moving 
boundaries of the hemocyanins whicli result from the dissociation at pH 8 5 and 
reassociation at pH 6.86 of mi.xed hemocyanins from Edix pomatia and Ltltorw 
littorea. The photograph was taken 40 minutes after closing the elcctrica cirrai 
The potential gradient, F, was 8.74 T'Vcm. The solution contained a total of 
0.49 per cent hemocyanin of which 56 per cent and 44 per cent respectivcK ver 
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the hemocj'anins of Sclix poiTtdlic and IAIIotiiki liitoTcOr prior to dissociation. 
Four components are present in the diagram. These have been designated, in the 
order of increasing electrophoretic mobility as, H.P., Xi, Xj, X3. These compo- 
nents had mobilities of -2.93, -3.57, -4.90, and -5.89 X lO'^ cm.^ volrS 
sec.“* respectively. 

Nineteen separate scale method electrophoretic diagrams have been 
made at varjdng migration distances with solutions of mixed hemo- 
cyanins from Helix pomatia and Lillorina lilt area, in which the hemo- 
cyanins had been dissociated at pH 8.5 and reassociated at pH 6.8. 
In all of these diagrams there was evidence of the same four com- 
ponents, the electrophoretic mobilities of which remained practically 
constant in each diagram. 


DISCUSSION 

The dissociation at pH 8.5 and the subsequent reassociation at 
pH 6.8 of a mixture of hemocyanins from Helix pomatia and Helix 
ncmoralis is followed by the reformation of molecules of the original 
size, just as is the case when either of these hemocyanins alone is 
similarly treated. The ultracentrifugal diagrams obtained with the 
mixture of hemocyanins which had been dissociated and rcassociated 
showed the presence of but a single homogeneous component with a 
sedimentation constant of 94.7. However, the electrophoretic dia- 
grams indicate the presence of a large number of different hemoej’-anin 
molecules with electrophoretic mobilities which range from that of 
the dissociated and rcassociated hemocj'anin of Helix ncmoralis (c.g. 
—5.21), to somewhat less than that of the hemocj'anin of Helix 
pomatia similarly treated (c.g. —3.08). These results indicate con- 
clusively that a number of "mixed” hcmocj'anin molecules of the 
original size had been formed and that these contained fractions of 
both the original hcmocjmnins. It is known that both hemocj’anins 
arc completely dissociated at pH 8.5 into fractions about 1/8 the 
weight of the original molecules. If these various fractions are equally 
attracted one by another irrespective of the species from which they 
came and since upon rcassociation molecules 01 the original weight 
arc reformed it is feasible to calculate the minimum number of pos- 
sible mixed hcmocyanin molecules which could be produced in this 
system. It is also possible to calculate the probability that eadr of 
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these various mixed molecules will occur. If it can be assumed that 
the electrophoretic mobility of a mixed molecule can be calculated 
as the weighted average of the mobilities of its constituent parts it is 
possible to calculate the theoretical mobilities of eacli of the various 
mixed hemocyanin molecules which could be predicted. 

Although the necessary assumptions have to be kept well in mind it 
has been of some interest to carry out the calculations indicated above. 

TABLE I 


Mixed Hemocyanins from Helix pomatia and Helix nemoralis, Dissociated at pH S.5 
and Reassociated at pH 6.8. Theoretically Possible Hemocyanin Association 
Products of Molecular Weight about 6,680,000 


Number 

Character 

Const 

Helix pomatia, 
1/8 fraction 
Molecular 
weight about 
810,000 

ituents 

Helix 

nemoralis, 

1/8 fr.action 
Molecular 
weight about 
810,000 

Probability 

(.P) 

Theoretical 
mobility 
u X 10 ‘ 

1 

Pure H.P. 

8 

0 


-3.08 

2 

Mixed H.P. + H.N. 

7 

1 

IMft kB 

-3.36 

3 

« <( « 

6 

2 


-3.63 

4 

(( « i( 

5 

3 


-3.90 


<( t( « 

4 

4 

K ! 9 

-4.17 

6 

<< ({ f( 

3 

5 

s ! 9 

-4.45 

7 

« (( a 

2 

6 

n II 9 

-4.72 

8 

a u 

1 

7 

9 ! 9 

-5.00 

9 

Pure H.N. 

0 

8 

m 1 ;9 

-5.27 


The results are presented in Table I. It will be noted that in this 
dissociated and reassociated system nine different hemocyanin mole- 
cules are possible, as far as percentage composition is concerned. Two 
are the original pure hemocyanins from Helix pomatia and Helix 
nemoralis. The remaining seven are mixed hemocyanins whicli all 
contain fractions of hemocyanins from both species but in varying 
quantities. The probability that each of these nine possible hemo- 
cyanins will occur, aswell as the theoretical electrophoretic mobility of 
each, is also given. It will be observ’^ed that all of tlie theoretical 
mobilities fall within the range covered b}' the electrophoretic diagrams 
obtained with a solution of mixed hemocyanins from Helix pomatia 
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and Helix neinoralis, T7hidi had been dissociated at pH 8.5 and subse- 
quently reassociated. 

In Fig. 11 the actual and the theoretical electrophoretic diagrams 
for this system have been superimposed. Curve I is the actual scale 
line displacement, Z, produced by the moving boundary of a solution 
of mixed hemocj'^anins dissociated at pH 8.5 and reassociated at 
pH 6.8, from Helix pomaiia and Helix nemoralis. The displacements 
of the scale lines in m have been plotted against the actual electro- 
phoretic mobility of the components producing them. Curve II is 
obtained when the probabilities of the occurrence of the nine possible 



uxlO® 

Fig. 11 


Fig. 11, Curve I. Electrophoretic diagram, scale method, of mixed Eelix 
pomaiia and EcUx nemoralis hemocj-anins, dissociated at pH 8.5 and reassociated 
at pH G.8. 125 minutes after closing circuit. P = 8.74 V/cm. The scale line 
displacement, Z in fi, has been plotted against the actual electrophoretic mobility, 
(u X 10') of the gradient producing it. 

Cuive II. The theoretical curve resulting from plotting the probability, P, of 
the occurrence of the nine theoretically possible hemocj'anin association products 
in the above system against their theoretical electrophoretic mobilities. 

hcnioct’anins in the above system are plotted against their theoretical 
electrophoretic mobilities. It will be observed that these two curves 
arc not greatly dissimilar in the region of the faster components 
(c.g. u X 10' = -5.2 to -4.0). The apparent discrepancy between 
the two ciirx-cs in the region of the slower components (c.g. u X 10' = 
-4.0 to -2.5) may be exjdained partly by the constant asymmetiy 
of opposing halves of electrophoretic boundaries which has been 
described in detail in another paper (4). 

From these considerations it seems possible that in the system just 
described there were at least nine different hcmocyanin components 



98 


MIXED MOLECULES OF HEMOCYANINS 


of which seven were mixed hemocyanins. Possibly there may have 
been many more than those indicated in Table I but it seems unlikely 
there were fewer. 

The dissociation at pH 3.8 and reassociation at pH 6.8 of mixed 
hemocyanins from Helix pomatia and Helix nemoralis resulted in the 
reformation of the original molecules and probably also in the forma- 
tion of a small amount of an additional mixed hemocyanin component 
which has been designated as X. At pH 3.8 both Helix pomatia and 
Helix nemoralis hemocyanins are partly dissociated into fractions 1/2 
the weight of the native molecules (1). In the case of both proteins 


TABLE n 

Mixed Hemocyanins from Helix pomatia and Helix nemoralis, Dissociated at pH 3.S 
a7id Reassociated at pH 6.8. Theoretically Possible Hemocyanin Association 
Products of Molecular Weight about 6,680,000 


Number 

Character 

Constituents 

Proba- 

bility 

(F) 

Theo- 
retical 
mobility 
u X 105 

Dctcr- 
termined 
mobility 
u X 105 

Per cent 
of total 
hemo- 
cyanin 
deter- 
mined 

Eelix 
pomatia, 
1/2 fraction 
Molecular 
weight 
about 
3,300,000 

Eelix 
nemoralis, 
1/2 fraction 
Molecular 
weight 
about 
3,300,000 

1 

Pure H.P. 


0 


-3.53 

-3.64 

54.9 

2 

Mixed H.P. + H.N. 


1 

lilaBil 

-4.51 

-4.35 

4.8 

3 

Pure H.N. 

0 

2 

0.250 

-5.50 

-5.55 

40.3 


the dissociation affects approximately 40 per cent of the molecules (7). 
If the assumptions which were made above are applied to this system 
it will be apparent that but one mixed component was to be expected. 
This component would contain equal amounts of the 1/2 fractions of 
the two dissociated hemocyanins. The fact that sucli a molecule 
would be definitely unsymmetrical in that it would be composed of 
chemically dissimilar halves might be a possible explanation for the 
fact that so small an amount of a new component was found in the 
electrophoretic diagrams. In Table II are shown the possible hemo- 
cyanin association products which could occur in this system. The 
actual and calculated mobilities as well as tlie determined and calcu- 
lated quantities of each component are also given. 

It seems possible therefore that the small quantity of a new com- 
ponent which was identified electrophoretically in this sy stem repre- 
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sents a mixed hemocyanin composed of 1/2 fractions from Helix 
poinatia and 1/2 fractions from Eelix nemoralis. 

The dissociation at pH 8.5 and reassociation at pH 6.8 of mixed 
hemocyanins from Helix pomatia and Littorina littorea does not pro- 
duce reformation of the original hemocyanins. Instead four distinct 
components are formed, which have been designated H.P., Xi, Xj, 
and Xz in the order of their electrophoretic mobilities. At pH 8.5 
the hemocyanin from Helix pomalia is entirely dissociated into frac- 
tions 1/8 the weight of the original molecules, while that from Lil- 
lorina lillorea is partly dissociated into fractions of 1/2 and 1/8 the 
weight of the native molecules. Biologically Helix pomatia and Lit- 
lorina lillorea are but distantly related and on this basis alone it 
seemed likely that difficulties would be encountered in the formation 
of mixed association products in solutions containing dissociated frac- 
tions of both hemocj'anins. This difficulty has actually arisen for 
although three new components did appear in the electrophoretic 
diagrams it was found on ultracentrifugal analysis that the solution 
contained a number of components of different molecular weights. 

^ Furthermore the ultracentrifugal diagrams showed evidence of con- 
siderable inhomogencity in these components. The various sedi- 
mentation constants ranged from about 90 to about 16. This indi- 
cates that the usually complete reassociation which was to be expected 
with the single hcmoc}"anins in this system had in some manner been 
blocked. Since there has not been suffident material available to 
permit of the electrophoretic isolation of each of the four components 
it has not been possible to determine their individual sedimentation 
constants. For this reason it is not feasible to attempt a calculation 
of the constituent parts of the possible mi.xcd hemocyanins which 
may have been produced. The electrophoretic mobilities of the four 
components have been accurately determined and these are given 
in Table III. 

The component designated H.P. is in all probability pure Helix 
pomatia hcmocy.anin since its mobility (—2.97) is practically identical 
with that of this hemocyanin when dissociated and rcassodated under 
otherivise identioal conditions (-3.0S). Tlic fractions A't, A'-, and 
A’, which have mobilities of -3.56, —4.87, and -5.85 X 10-'^ cm.^ 
vo!t“>. sec,-* arc probably products formed by the assodation of 
fractions from both the dissociated hemocyanins in the system. No 
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component wMch would correspond in mobility to either the maj 
or minor component of Ltitofifid Ittlorcci hemocyanin has been foui 
in any of the diagrams. On the basis that dissociation and reassoci 
tion may cause a 10 per cent reduction in the mobility of this hem 
C 3 mnin it has been calculated that in this system the major and min* 
components should have mobilities of —6.68 and —6.35 X 10 
cm. 2 , volt~b sec.“^ respectively. 

It should be stated that in none of the experiments with solutioi 
of mixed hemocyanins which had been dissociated and reassociate 
was there any evidence that the various components were in a sta* 


TABLE in 

Mixed Hemocyanins from Helix pomatia and Littorina litlorea, Dissociated at pH S. 
and Rcassocialcd at pH 6.8. Electrophoretic Mobilities of Nc7v Components 


Experiment 

No. 

1 

Electrophoretic 
diagrams 
Total number 

Components 

H.P. 

Xi 

Xa 

Xs 

Mobility 

1 u X 105 

1 

4 

-3.03 

-3.51 

-4.95 

-5.91 

2 

9 

-2.93 

-3.57 

-4.90 

-5.S9 

3 

6 

-2.97 

-3.62 

-4.77 

-5.75 

Mean 


-2.97 

-3.56 

-4.87 

-5.85 


of equilibrium. In every instance the mobilities of the ascending and 
descending boundaries of each component were similar. The con- 
centration of the various components did not vary systematically 
with their position in respect to each other or with increasing migra- 
tion distance. It appears therefore that the various mixed hemocya- 
nins which have been produced are probably as stable as the hemo- 
ejmnins from which they were formed. 

The phenomena studied in the present paper may be of considerable 
general interest for the understanding of the principles according to 
which the huge protein molecules of the hemocyanin class are built up. 
It is possible also that the environmental adaptations of certain viruses 
and the carrier-shift of some enzymes are related phenomena. Fur- 
ther work with other mixed protein systems is needed, however, espc- 
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dally to find out more about the importance of biological relationship 
for the phenomenon of crossing. 

It does not seem unlikely that the dissodation of hemocyanins and 
similar proteins into simple sub-multiples would indicate an ordered 
crystal-like structure of the individual partide or molecule. The 
cross-reactions studied here would then have their analogy in the 
formation of mixed crystals between substances of similar chemical 
structure. 

stbuiary 

By means of the improved electrophoretic technique it has been 
possible to study the association products which are formed when 
mLxcd and dissociated hemocjmnins from two different spedes are reas- 
sociated. Both the dissodation and the reassodation of the hemo- 
cyanins have been produced simply by altering the pH of the solu- 
tions. Scale method electrophoretic diagrams have been used 
throughout this investigation. This method has adequately demon- 
strated its advantages and has permitted e.xact calculations of the 
mobility, concentration, and homogeneity of components which were 
cither present in too small an amount or were too nearly similar 
elcctrochemically to have been defined by other methods. 

Evidence has been presented which indicates that a number of mixed 
hemocyanins have been produced. These mixed hemocyanin mole- 
cules contain fractions of the dissociated hemocjmnins from two 
different spedes. 

We wish to express our thanVis to Professor The Svedberg for the facilities which 
were placed at our disposal, and to Dr. K. O. Pedersen for valuable assistance 
with the ultraccntrifugal studies. The junior author desires also to express his 
gratitude to the members of the staff of the Institute of Physical Chemistry for 
their generous aid and stimulating interest. 
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THE MOLECULAR WEIGHT OF ANTIBODIES*t 
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{From the ImlUtde of Physical Chemistry, University of Upsala, Upsala, Sweden) 
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Antibodies as modified serum globulins are of spedal significance 
in investigations on the nature of the serum proteins. Many of the 
relationships of antibodies to the normal serum globulins, however, 
have not as yet been thoroughly studied. Immunological studies 
(1-3) have indicated differences between antibodies formed in the 
horse and in the rabbit and a subsequent study in the ultracentrifuge 
by Heidelberger and Pedersen (4) revealed a striking difference in 
sedimentation constant and hence probably in molecular weight. 
The tlicrapcutic superiority of rabbit antipneumococcus sera over 
horse sera (S) also makes further knowledge of the relationships among 
antibodies of various species highly desirable. Among these proper- 
ties, molecular weight and the effect of pH changes on antibody ac- 
tivity as well as on molecular size are of especial interest. 

In this investigation Tj^res I, III, and VIH antipneumococcus 
antibody were produced in the horse, cow, pig, monkey, man, and 
rabbit and were purified by the dissociation methods described in 
(6, 7). The sedimentation constants ( 5 ) were measured using the 
Svedberg ultraccntiifuge (8), and the diffusion constants (Z?) deter- 
mined in the Lamm diffusion cell (9). From these values the molecu- 
lar weight may be calculated from the formula given by Svedberg: 


m - rp) 

and it is also possible to calculate the frictional ratio ///o which pves 
an indication of the deviation from the compact spherical shape. 

• 'ITic expense^ of this investigation were defrayed by grants from the .\ndcr=;on 
,*.nd \V.xller.l)crg Found-vlions. 

t prcllntinarx- note was published in Snexre, 193S, 87, 372. 
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Data on the effect of protein concentration on sedimentation and a 
correlation of antibody activity and the ultracentrifugal pH stability 
range are also included. 

Methods 

For the study of ultracentrifugal sedimentation as well as diffusion the modiSed 
Lamm scale method (10) was used. A brief summaiy of the ultracentrifuge 
method has already appeared (4). 

Sedimentation runs were made at varying speeds from 45,000 to 70,000 r.p.m., 
lower speeds being used for the faster sedimenting molecules. All sedimentation 
constants were corrected for density and viscosity (8). 

Diffusion runs were made, taking photographs of the diffusing boundary at 
varying time intervals (9). All values represent the average of three exposures 
for each diffusion run and are corrected for the viscosity of the solution. 

The partial specific volume (F) of a horse antibody preparation was determined 
as 0.715, using a micro balance and a 2 ml. pycnometer with a 1.9 per cent solution. 
This value was assumed to hold for all species showing the antibody to be a heavj' 
molecule. For the other species the value 0.745, previously found for serum 
globulin was assumed to be valid. 

Except as noted all experiments were made in 0.15 m sodium chloride solution 
(physiological saline) thus making it possible to determine sedimentation constant, 
diffusion constant, and percentage of antibody on the same solution. Total 
nitrogen was determined by the micro Kjehldahl method and antibody analyses 
for precipitin or agglutinin were carried out by the absolute methods (11, 12). 
The factor 6.32 was used to transform nitrogen content to total protein. 

RESULTS 

The process of purification was followed in several cases in the 
ultracentrifuge by runs on extracts prepared by washing the specific 
precipitate or agglutinate at 37° with physiological saline (7) and 
also on the 15 per cent salt extract before and after dialysis against 
0.15 M salt. Table I shows the results for a horse, a pig, and a monkey 
antiserum. The pig antiserum was very weak and was first pre- 
cipitated according to Felton (13, 6). Data on the relative amounts 
of antibody and of the heavy protein component are also given. It 
will be noted that no evidence of dissociation or change in the heavy 
component occurs in the horse or pig preparations at any stage in 
the purification. 

By use of the new analytical separation cell (14), it was possible to 
show that all of the antibody in a Type I antipneumococcus horse 
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serum 902 I was contained in the heavy serum component. After 
centrifugation until optical observation indicated that all the heavy 
molecules had just passed below the partition into the lower compart- 
ment, it was found that no antibody could be detected in the solution 
from the upper chamber with either Type I pneumococci or specific 
polysaccharide. This was also found to be the case for a purified pig 
antibody solution 198 F described in (7) and containing 72 per cent 
antibody. The sedimentation diagram showed two components of 
s = 18.7 and 6.7. The heavy component, as determined from the 
sedimentation diagram, was present to the extent of 77 per cent, in 
excellent agreement with the value obtained by analysis for antibody, 
especially since the amount of heavy component is usually greater 
than the antibody content, i.e. not all heavy component is antibody 
(Table I). 

Table II is a summary of sedimentation and diffusion constants, 
molecular weights, and frictional ratios for the different antibodies 
purified from various species. Total protein concentration and per 
cent of antibody in the solution arc given. Since some variation 
of sedimentation constants with concentration has been found, s and 
D were determined at the same concentration. All of the prepara- 
tions gave quite uniform sedimentation peaks. In two preparations 
from monkey Type III antipncumococcus sera* a definite amount of 
a hca\y component was present in the 15 per cent salt extract. On 
dialysis to 0.15 ii salt, in one instance it seemed to have precipitated 
along with the insoluble material which usually forms, since it was 
no longer present in the 8-58 diah'zed solution (Table I). Owing to 
the limited amount of available material, no separation of the two 
was possible. The human antibody solution’ was prepared from the 
scrum of a convalescent Type I pneumonia patient containing 0.15 
mg. of agglutinin N per ml. 

Two preparations were made by separation of the globulin fraction 
in the Tisclius electrophoresis apparatus (15); one from normal human 

’ Obtained in part through the courtesy of Dr. James D. Trask of the Depart- 
ment of rcdiatric:. Vale University Medical School. 

’ Kindly fumirhed by Docent J. Waldenstrom, Upsab. 
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TABLE I 

Sediniciiiation Coitslanls of Horse, Pig, and Monkey Antibody at Various Stagesin the 

Process of Purification 


Species 

Prcj)a- 

ration 

No. 

Description 

(7) 

Concentration of 
solution 

Antibody in solu- 
tion (direct anal- 
ysis) 

Sedimentation con- 
stant 

J 20 X ion 

Concentration of 
componentinccn- 
trifuge 

Appearance of 
components in sedimen- 
tation diagram 

Horse 

Type 

I 


Original serum 

1 

percent 

20.7 


per cent 
prpleitt 

r 

20 per cent heavy 
component in 
serum 


902 A 

37° saline extract of 
washed specific 
precipitate 

1 

0.47 

44 

17.7 

0.38 

i Single homogeneous 
component 


902 B 

15 per cent salt ex- I 
tract at 37° 

0.97 

— 

19.4* 

0.95 




902 B 

Dialyzed against 
0.15 M NaCl 

1.35\ 

0.58/ 

1 

57 

16.7 

17.2 



tt 


902 C 

1 

! 

Ba(OH)s, BaCl, 
treated residue 

0.74 

“ 

16.5 

4.0 

1 

Definite breakdown 
of molecule; two 
equal major com- 
ponents; inhomo- 
geneous material 

Pig 

Type 

I 

W 

Original scrum di- 
luted lilO 

0.84 

1.6 

17. 7t 

percent 
oj total 
protein 

9.7 

Homogeneous heavy 
component in 
1:10 dilution of 

serum 


W,A 

Felton solution di- 
luted 3:5 

0.89 

10.3 

17.8 

6.8 

42.8 

57.2 

Both components 
homogeneous 

Light component 

probably normal 
globulin 


* Correction for viscositj' and density more uncertain, 
f j of hcav}’’ component in serum. 
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TABLE 1— Concluded 


Sptcics 

Prepa- 

ration 

No. 

1 

Description 

(7) 

*o 

** a 
c o 

O lA 

U 

o c 
m a 

o 

jD e ^ 

*,3 o*S 

C «« >i 
< 

Scdimcnlntion con- 
stant 

j:o X 1011 

e 

U 

O u 

O 

TS c 
£ c 

u a'rz 
c cT 
o u 

O 

Appearance of 
components in sedimen- 
tation diagram 

Pig 

Type 

1 

\V,B 

Washed specific 

agglutinate; ex- 
tract with 15 per 

1 cent salt 

per uni 
proiein 

0.50 

percent 

18.5 

1 

per cent 
of told 
proiein 

Single homogeneous 
component 


WiB 

Dialyzed to O.IS it 
NaQ 

0.56 

84 

17.4 


Cl II 


W,C 

Ba(OH)j, BaCb 
treated residue 

0.63 

83 

19.1 

2.7 


Considerable break- 
down converted 
largely into small 
components and 
inhomogeneous 

Mon- 

key 

T>pc 

ni 

8-S8 

Original scrum 

IS per cent salt ex- 
tract 

9.25 

6.6 

17.0 

6.8 

17.3 

82.7 

Both components 
homogeneous 



Dialj’zcd to 0.15 it 
NaCl 

0.14 

>27t 

■ 




i Probably somewhat in the inhibition zone because of too large an excess of 
polysaccharide. 


scnim and the other 431-5 from a highly potent anti-egg albumin 
serum (Table II). 

It was obsciA’ed that the sedimentation diagrams of two rabbit 
lla(OH);, BaCU dissociated antibodj' preparations 456j B and 453 C 
(6, 7) seemed to be no different from that of the 15 per cent salt 
dissociated antibody. Two other preparations, C and F, from another 
scrum 475 showed small amounts of several heavier, more inhomo- 
geneous components. The bulk of the antibody was unchanged, 
however. 

Table III shows the variation of sedimentation and diffusion con- 
stants with concentration for a horse antibody preparation 902 E, 
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TABLE n 

Physicochemical Coiislants of Vatious Pycpavations 




Prepa- 

ration 

No. 

Total 



— 



Species 

Method of 
purification 

concen- 

tration 

of 

solution 

Proportioi 

of 

antibody 

‘ «oX 
low 

107 

Calculated 

molecular 

weight 

///» 




cent 

prokia 

per cent 





Pig 

IS per cent salt ex- 

W,B 

0.58 

84 

18.0 

1.64 

930,000 

2.0 


tract* 







Cow (7) 

it 

Ds 

0.64 

100 

18.1 

1.69 

910,000 

2.0 

Horse 

<( 

902 E 

0.22 

49 

19.3 

1.80 

920,000 

2.0 

Mon- 

it tt* 1 


1 

0.31 

40 

6.7 

1 

4.06 

157,000 

1.5 

key 

<t t(« ^ 

8-S8*t 

0.14 

>27 

7.2 

1 3.50 

1 196,000 

1.6 

Human 

ti it* 


0,39 

1 

44 

7.4 

3.60 

195,000 

(177,000) 

1.5 

being 

(y globulin from 

1 

(0.63) 

Normal 

(7.1) 

(3.84) 

1,5 


electrophoresis) 



globulin 




Rabbit 

IS per cent salt ex- 

4S63 A 

0.19 

86 

7.0 

4.23 

157,000 

1.4 

(7) 

tract* 








Ba(OH)s, BaCls* 

456, B 

1.08 

94 

6.3 

3.77 

156,000 : 

1.6 


Ba(OH)s, BaClj* 

453 C 

0.83 

89 

6.3 

3.80t 

158,000 1 

1.6 


7 globulin by elec- 

431-5§ 

0.53 

76 

6.5 

3.75 

165,000 1 

1.6 


trophoresis 









* Of Pn-anti-Pn specific precipitate or agglutinated pneumococci, 
t Values subject to a larger experimental error because of extremely small 
amount of material. 

t Some slight drift in D for various exposures. Mean value taken. 

§ Anti-egg albumin. 


TABLE ni 

Variation of Sedimentation and Diffusion Cojistant with Concentration of Solution for 

Horse Antibody 90Z E 



0.22 

0.45 

0,90 

1.35 


S^a X 10” 

IQQIIII 


m 

m 

n,o X 10^ 



* 902 B. 
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made from the same bleeding of 902 1 as preparation 902 B in Table I. 
For the study of concentration dependence and pH stability, the 
antibody from 200 ml. of serum -was purified by salt dissociation of 
agglutinated pneumococci as in (7). Fig. 1 is a graph of the variation 
of s with concentration. The line is drawn through the points in 
Table III for 902 E and the other points were obtained with other 
horse, pig, and cow preparations at the concentrations indicated. It 
will be noted that the diffusion constant remains fairly constant, but 
shows some drop in more concentrated solutions. 

Fig. 2 shows the variation of the sedimentation constant with con- 
centration for the smaller antibody molecule. The data are taken 
from Table II. It will be observed that the rabbit and monkey solu- 
tions give a smooth curve over the range of concentration studied. 
The human antibody preparation, as well as the normal human 
7 globulin, seems to have a significantty higher sedimentation con- 
stant. Rabbit solution 4562 B, however, run 5 months later at a 
concentration of 0.43 per cent seemed to have changed, giving a 
slightly higher value of s = 7.0. 

Table IV is a tabulation of the effect of pH on the sedimentation 
constant and antibody activity for horse antibody solution 902 E. 
1.5 ml. of 902 E 1.8 per cent solution in 0.15 M NaCl were mixed with 
1.5 ml. of buffer solution made up in 0.15 M NaCl. The solutions 
were ultracentrifuged 10 minutes after mixing and also after standing 
48 or 72 hours in the ice box. Antibody activity was determined by 
neutralizing and dialyzing against 0.15 ii NaCl, after which samples 
were analyzed for agglutinin N and total N. 

Antibody solutions 902 E and WIB were treated with 0.5 per cent 
phenol and let stand for 17 days. After this time no change could 
be obscr\-cd in the shape of the sedimentation diagram and values 
of s of 16.4 and 17.9 X 10“** were obtained in 0.9 and 0.23 per cent 
solutions for 902 E and WIB respectively. 

Table V is a summary of the horse antibody preparations showing 
more than one component. In two instances antibody isolated from 
fcra obtained early in the course of immunization contained only a 
single homogeneous component, while that from a bleeding after a 
longer period of immunization was markedly inhomogeneous. The 
wide spreading of peaks and inhomogcncity makes the sedimentation 
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constants only approximate in these instances. Rough estimates are 
also given for the total percentage of inhomogeneous material. 

Antibody solution 902 K, prepared from the second bleeding of 
horse 902, and containing 26 per cent inhomogeneous material was 
run repeatedly in the separation cell, centrifuging the heavy compo- 
nent into the lower compartment until enough of the lighter compo- 
nents were available for analysis. This solution containing the lighter 
inhomogeneous components showed immediate agglutination with 
Type I pneumococci and 19 per cent of the total protein was antibody. 

DISCUSSION 

The present study is concerned chiefly with the ultracentrifugal 
behavior of antibody produced in various species of animals and puri- 
fied by methods previously described (6, 7). To detect any alteration 
in molecular size during the purification, solutions were run in the 
ultracentrifuge at each step in the procedure. It will be noted 
(Table I) that all of the protein of low sedimentation constant can 
be washed away with saline at 0°, since solution 902 A, a saline extract 
at 37°, made after washing the specific precipitate at 0° until only 
traces of heat coagulable protein were present in the supernatant, con- 
tains only a single component of 5 = 17.7 X 10~”. At no stage in the 
salt dissociation procedure was there any indication of alteration in 
molecular size of the material (Table I). In the case of antibodies 
recovered from horse and pig sera the barium hydroxide dissociated 
material, however, showed definite breakdown in the ultracentrifuge 
although the antibody activity did not seem to be affected. The 
rabbit antibody seemed more stable to the barium treatment. 

Using the salt dissociation methods (6, 7), it has been observed that 
preparations from different antisera give antibody solutions which 
differ very markedly in antibody content, and also that a prelimi- 
nary extraction of the washed specific precipitate with 0.9 per cent 
saline at 37° yields a lower grade antibody than a subsequent 15 per 
cent salt extraction. Since in the original serum (902 I) the per- 
centage of heavy component and of antibody is the same, and since 
the two salt extracts are indistinguishable in the ultracentrifuge, it is 
possible that some change affecting the antibody activity but not the 
molecular size might occur in purification. Thus it has already been 
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observed (16) that purified antibody solutions contain more agglutinin 
than precipitin although they correspond in the original sera. More- 
over, in the case of pig serum W, Table I, the amount of antibody in 
the original serum was much lower than the amount of heavy com- 
ponent, yet a solution containing 83 per cent antibody was finally 
obtained, indicating that the other non-specific heavy component did 
not interfere with the purification. 

The data in Table II indicate quite definitely that the purified 
antibodies from the various animal species fall into two groups, those 
in which the antibody has about the same molecular weight as the 
ordinary serum globulins and those in which the antibody seems to 
be a much larger molecule. Goodner and Horsfall (3) have also 
observed a distribution of antibodies in two groups with respect to 
complement fixing ability and lipid composition, i.e . : 

Complement fixing; Rabbit, rat; guinea pig, sheep. 

Non-complement fixing: Horse, man, dog; mouse, cat, goat. 
These properties do not, however, correlate well with the molecular 
weight data, since human antibody (a small molecule) does not fix 
complement and a preparation of cow antibody (a large molecule)’ 
showed definite complement fixation. 

Since both monkey preparations showed definite amounts of a 
heavy molecular species, it is possible that both types of antibod3' 
arc formed in the monkej'. 

It is also of considerable interest to observe that the frictional ratio 
///o calculated in the last column of Table H is large for both groups 
of antibodies, indicating that they arc either not compact or not 
spherical, since ///o is equal to one only for a spherical unh}’drated 
molecule. The hca\y antibody molecule has one of the highest fric- 
tional ratios yet obseivcd in a protein. It is therefore not surprising 
to find a marked dependence of sedimentation constant on concentra- 
tion (Table III and Fig. 1). The cow and pig values obtained arc 
in good agreement with the horse values. It seems, therefore, ad- 
visable to take the extrapolated value of sedimentation constant to 
rero protein concentration of 19.S. With 1.71 as an average diffusion 
constant for the three species and 0.715 for tlie partial specific volume, 

’ Kindly tc-icd l)y Dr. A. J. tVcil of Lcdcrlc Laboratories. 
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90,000 would seem the best value for the molecular weight of cow, 
orse, and pig antibody, using the Svedberg formula given above, 
a the horse antibody solutions there was no evidence, of dissociation 
1 dilute solutions as has been found for thyroglobulin (17). 

Horse antibody 902 E showed very definite streaming double refrac- 
Lon in less than 0.1 per cent solution and measurements'* indicated a 



0.5 1.0 1.5 2.0 

per cent protein 


Fig. 1 

+, horse 902 E. O, horse 902 A and B. □, pig. A, cow. 

mgth of not more than 100 m^ although the high dilution made 
ccurate measurements very difficult. For a stiff cylindrical shaped 
lolecule of molecular weight 990,000 and length 100 m/r, the ratio of 
he length to the diameter of the cylinder may be calculated as 25:1 
s would be expected for a molecule with///o of 2.0. 

* Kindly made by Dr. A. Snellman of this laboratory. 



ELVIN A. KABAT 


113 


As shown in Table IL and Fig. 2, the smaller antibody molecules 
also show definite variation of sedimentation constant with concentra- 
tion. The diffusion constants also seem to show the same effect and 
the molecular weight in the rabbit and monkey preparations seems to 
be quite constant except for monkey 8-58 in which the weak solution 
available introduced a somewhat greater error. The best value for 
the molecular weight of rabbit and monkey antibody would be about 
160,000, and since both the human antibody and the normal 7 globulin 
both show a definitely higher sedimentation constant a probable 
average molecular weight would be about 185,000. 



Fig. 2 

O, rabbit. □, monkey. A, human being. 

From the results in Table W and Fig. 3, it will be seen that both 
antibody activity and molecular homogeneity are extremely stable 
to variation in pH, no appreciable change in activity occurring after 
72 hours at pH 1 .44 and after 48 hours at pH 10.9. The shape of the 
sedimentation diagram was undiangcd between pH 3.4-10.9 although 
some association and dissociation seemed to take place below pH 4.88 
and above pH 9.06 respectively. Some slight breakdown of the 
molecule was apparent at pH 1.44 with no loss of aefunty and com- 
plete loss of acli\-ity and destruction was found at pH 12.4. That 
this alkaline bre.akdown of the molecule may occur without loss of 
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TABLE IV 

Efecl of pH on Sedimentation Constant and Antibody Activity Horse Antibody 902 E. 
Concentration of Solutions in Centrifuge 0.9 Per Cent Protein 


pH of 
solu- 
tion 

Total buffer in solution 
0.15 M NaCI plus 

Time of 
standing 

Numbei 

of 

compo- 
nents in 
centri- 
fuge 

s!o X ion 
of main 
compo- 
nent 

I Anti- 
body 
in 

solu- 

tion 


1.44 

fO.OlSiiNaCl 1 

\0.05mHC1 1 

10 min. 
72 hrs. 

3 

3 

19. S 
20.2 

fer cen 

52* 

t 

Also small amounts of 
components s = 
6,27 

Small amounts of 
components J = 
6,30 

3.41 

1 NaAc O.Ol M 1 
\hAc0.2Sm / 

10 min. 
48 hrs. 

1 

1 

18.2 

17.6 

1 


Single symmetrical 
peak 

(( It 

4.88 

1 

f NaAc 0. 025 11 1 
\ HAc 0.012S M / 

10 min. 

1 

1 

16.5 


<t (t 

7.65 

No buffer 

1 

10 min. 

1 

16.7 

49 

1 tt tt 

9.06 

Na 2 B 407 0.01 M 

10 min. 

1 

16.3 


Cl it 

10.9 

f Na 2 HP 04 0.025 M 1 
\ Na3P04 0.008 11 j 

10 min. 
48 hrs. 

1 

1 

14.7 

15.3 

47t 

fC ft 

It It 

12.4 

f Na2HPO4 0.05ir 1 
\NaOH 0.10 m j 

10 min. 

92 hrs. 

2 

2 

6.7;6.0 

4.5 

0 

Two definite com- 
ponents complete 
breakdown 

Also some of a slight- 
ly lower component 


* Antibody activity after 48 hours at pH 1.44. Neutralized solution showed 
main component ^ = 18.4 at 0.8 per cent concentration. Some slight breakdown 
of the molecule was still evident. 

t Antibody activity after 72 hours in ice box, pH 10.9. 

antibody activity may be seen from the data with the less drastic 
barium hydroxide dissociation methods (6, 7) as well as the barium 
hydroxide pig and horse preparations in Table I. 
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As noted by Heidelberger and Pedersen (4) not all preparations of 
horse antibody contained a single component. Even though the sera 
in the present experiments were free from preservative, many lots 



0 2 4 6 8 10 12 14 

pH 

Fig. 3 


+, 10 rain, after mixing. 

0,4S hours “ “ 

Q 72 *• « « 

jhowed inhomogeneous components in amounts up to 65 per cent of 
tlic total protein present. Tliat this can occur without seriously im- 
pairing the antilxxly activity is apparent from the high degree of 
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antibody content of solutions 792 EE, 9093 B, and 909 E. A separa- 
tion run in the analytical cell (14) also indicated that these degraded 
components possess antibody activity. Since in two of the horses 902 
and Sn,® an early bleeding yielded a serum from which antibody 
solutions containing only a single homogeneous component could be 
prepared, and since in each of these instances, bleedings after longer 


TABLE V 

Horse Antibody Solutions Containing More than One Component 







De- 







Kradcd 


Antibody 
solution No. 

Concen- 
tration of 
solution 

Anti- 

body 

content 

s of various 
components 

in- 

homo- 

geneous 

Description 






mate- 







rial 



ter cent 
frolein 

percent 



per cent 


792 DD 

0.10 

37 

20.1 

8.6 

S3 


792 EE 

0.5 

96 

19.0 

5.6 

58 

Also some of an inter- 







mediate component 

9093 A 

0.05 

57 

19.7 

7 

65 


9093 B in 15 per cent NaCl 

16.2 

7.4 


Two components 

B 

0.46 

86 

17.6 

10 

33 


909 E 

0.18 

97 

18.4 

9 

40 

Also some intermediate 







components 

902 IB 

0.58 

57 

17.2 

— 

0 

Homogeneous 1st bleed- 







ing 

902 K in IS per cent salt 


18.0 

7.6 

27 


902 K 

0.67 

49 

18.0 

12.0; 10; 4 

26 

Second bleeding after 1 







yr. of continued im- 
munization 

SnI 

0.68 

61 

18.2 

— 

0 

Data from (4) 

II A 

0.18 

6.5 

19.2 

10; 8 

1 

Bleeding made several 

B in IS per cent salt 


20.2 

8 

22 J 

years later 

B 

0.63 

30 

18.6 

17; 12; 7 


periods of immunization yielded solutions containing definite amounts 
of degraded material, it seems possible that the horse might develop 
means of breaking down the antibody into smaller aggregates without 
destruction of specific activity. This might be an indication of a 
mechanism for removal of an othenwse minor protein component 

® Stockholm horse used in (4). 
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from the blood stream when the animal is artificially stimulated to 
produce large quantities of such a component. It is interesting to 
note that both the cow and pig preparations studied were from animals 
under immunization for a comparatively short time and that only 
homogeneous antibody solutions were obtained. 

The relationship of the heavy component of horse serum to a normal 
heavy component frequently present in small amount in sera is of 
considerable interest. A preparation of horse globulin® which was 
thought to contain heav>' component showed two components, one 
having the sedimentation constant of normal globulin and the other 
heavier. Both components showed fairty symmetrical peaks in the 
sedimentation diagrams. To a sample of this solution, some homo- 
geneous horse antibody was added and the mixture ultracentrifuged. 
The presence of three components ^ = 19.0, 10.9, and 6.9 X 10~'® 
indicates the non-identity of the normal heav}’- components in this 
preparation with the antibody. 

SUMMARY 

1. Highly purified preparations of homogeneous antibody can be 
made by the salt dissociation methods (6, 7) without any change in 
sedimentation due to the method of purification. 

2. Antibodies prepared from sera of various animal species fall 
into two groups as regards molecular weight; in one group cow, horse, 
and pig, a hca\y molecule of molecular weight 990,000 is formed; 
in human being, rabbit, and monkey, the molecular size is that of the 
normal y serum globulin. Both types of antibody molecules are 
cither not compact or not spherical since the frictional ratios ///o 
arc 2.0 and 1.5 rcspcctivelj'. 

3. Horse antibody shows an unchanged actiNuty and sedimentation 
diagram between pH 3.44-9.06, although there is some aggregation 
at the more acid and some dissociation at the more alkaline pH. 
At pH 1.44 the antibody activity is unchanged but some breakdovi-n 
of the molecule takes place. At pH 12.4 acthaty is destroyed and 
the molecule is completely broken down. 

4. Some horse antibody preparations show cridcnce of breakdown 

' Kindly ‘Upplityd by Dr. F. F. Kcr.dzil. 
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of the antibody into inhomogeneous material on continued immuniza- 
tion over a long period. 

We wish to thank Professor The Svedberg for his interest and for providing 
facilities for this work and Dr. Michael Heidelberger for supplying sera and 
making several of the antibody preparations especiall}^ for this purpose and for tlie 
interest taken in this work. We are also indebted to Dr. Kai 0. Pedersen for 
many suggestions and continued guidance. 
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Studies on the electrophoresis of serum have shown that besides the 
albumin normal sera possess three separate globulin components 
differing in mobility and designated as a, |3, and y (1). The rela- 
tionship of antibodies to these components is of considerable impor- 
tance. Differences in the antibody globulin formed in various animal 
species have already been found by ultracentrifugal studies (2, 3) 
and in electrophoresis (4) as well as by immunological means (5). 
It has also been shotvn (1) that in an antiserum to ciy'stalline egg 
albumin, the antibody migrated vlth the slowest ( 7 ) component and 
could be isolated in one of the cells of the apparatus and analyzed for 
antibody content. The work reported in this communication is an 
attempt to study and compare the electrochemical properties of the 
antibody in the original sera with the purified antibody preparations 
described in ( 6 ) and to measure the isoelectric points of these purified 
preparations. It is also of importance to make use of and correlate 
the results obtained using both the mutually independent electro- 
phoretic and ullracentrifugal methods since molecular weight homo- 
geneity does not necessarily mean electrochemical homogeneity and 
vice versa. Since the methods previously described for determining the 
concentration of the various components arc not sufficiently precise, 
especially in systems of several components, the Lamm scale method 
(7) has been used with the electrophoresis apparatus (S) and has 
provided a quantitative method of following changes in the various 
senim components on removal of antibody. 

• The cipcncc^ of tlii*; invcftipatioa were defrayed by pants from the Andcrssoa 
nr.d Nobel roundation";. 

1 .\ prclimin.'.rj- note vas published in Scier.et, 1938, 87, 312. 
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Methods 

The new Tiselius electrophoresis apparatus (8), in which sections of tlie U tube 
may be moved with respect to one another and cut off the column of solution 
into four parts to permit isolation of various components, was used. The appara- 
tus is designed to carry strong currents, which makes possible adequate resolution 
of the components of serum even in the presence of large amounts of salt. Two 
methods of observ^ation of the migrating boundaries were applied, Toepler’s 
Schlicren method (9) and the Lamm scale method (7), both depending on refractive 
inde.v changes in the solution due to the migrating boundary. The former of 
these in which each component appears as a black band in the U tube image in 
the focus of the camera, provides a convenient way of following the experiment 
by direct visual observation. In the latter metliod an equidistant scale placed 
behind the U tube is photographed at intervals through the solution. These 
photographs are compared microscopically with those from a reference scale 
photographed before the current is started. The displacements of the scale 
lines, Z, from their positions on the reference scale are plotted as ordinates against 
the corresponding positions in the U tube cell as abscissae jdelding a curve in 
which each electrochemically distinct component in the solution will have its own 
peak (Fig. 1) provided the differences in mobility are sufficiently large and the 

dc 

experiment run long enough to produce adequate separation. Since Z = k 

where k depends on the refractive index increment of the migrating substance 
and on known apparatus constants, it is evident that integration of tlie entire 
individual curve corresponding to a single peak will give tlie concentration, c, 
of the substance having the mobility of that peak. One may thus obtain from the 
same curve the mobility and concentration of the electrochemically different 
proteins in the solution. A micro modification of the apparatus in which 2 ml. of 
solution could be used was found convenient for the isoelectric point measurements 
on the purified antibody preparations. 

In practice, however, since only data on the relative concentrations of the 
various components were desired and since nitrogen content and the area under 
each peak were related to protein concentration, it was not necessary to calculate 
absolute protein concentration in each case. A base line for area measurements 
was determined by comparing the reference scale and photograph in the adjacent 
cells where no boundaries appeared. 

It was also found convenient to compensate the boundarj’ out from under the 
glass plates by a clockwork mechanism lowering an ebonite rod into the solution 
(8) before starting the current and then measuring the distance moved by an 
eyepiece scale fixed to the camera, using the Schlicrcn method, and in this manner 
to calculate the mobility. 

All experiments were conducted in buffer solutions containing 0.15 xt NaCi -f 
0.02 M total phosphates at the desired pH. In the more acid range, the saline was 
buffered with acetate buffer in which the NaAc concentration was 0.02 xr. This 
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high salt concentration was found necessary since some of the horse and pig 
antibodies precipitated from solution if the usual 0.1 ioruc strength bufiers were 
employed. This procedure also enables the direct comparison of mobilities at 
different pH since the total ionic strength of the solution is but slightly changed by 
variation of the buffer and has the additional advantage of permitting the direct 
analysis of the solutions for antibody nitrogen by the absolute quantitative 
precipitin (10) and agglutinin (11) methods. The high salt concentration, how- 
ever, docs not permit the use of as high voltages as in 0.1 ionic strength buffer. 
A potential of 120 volts was usually employed giving a current of about 26 to 28 
milliampcrcs and a potential gradient of about 3.4 volts per cm. with the ordinary 
apparatus. Higher voltages increased the risk of heat convection currents. 

For the scale method experiments it was found advisable to use a 1:4 diluted 
scrum to obtain optimum scale line displacements. In the case of unfractionated 
horse sera, however, it was not possible to determine concentration with the scale 
method since the curves did not come within a reasonable distance of the base line 
between components. This seemed also to be the case with the pig serum studied, 
but in rabbit and monkey antisera determination of concentration was quite 
satisfactory. These differences between horse and rabbit sera were most marked 
in liigher concentrations and may perhaps indicate partial interaction or com- 
pound formation between the various globulin components of horse antisera 
(c/. KendaU, 12). 

TJic usual procedure for studying the distribution of antibody in serum was to 
dilute the unabsorbed scrum 1:4 and dialyze against buffer overnight. Another 
sample of the same scrum was absorbed by addition of the proper amount of 
antigen and the combined supernatant and washings of the precipitate were 
diluted to the same volume as the unabsorbed scrum and also dialyzed against 
buffer. In this manner the other components of the scrum were present in 
unchanged concentration. 


RESULTS 

Tabic I is a summar)’ of the mobility data obtained for the antisera 
from diflcrent species in the saline phosphate buffer imxture at pH 
7.72 ± 0.02. It will be observed that the mobility of all the compo- 
nents is less than in ordinary 0.1 ionic strength buffer (c/. 1 ). It 
can also be noted that in the horse antipncumococcus sera a new 
component migrating between ^ and 7 was present. That this com- 
ponent dis.appearcd on removal of the antibody ( 20.7 per cent of the 
total protein) can be seen from the Schlicrcr. photograph (Fig. 2) 
of 002, before and after absorption of tlic antibody. No new 
comiKinent was obfctved in tire other sera at the same pH. The 
mobility values, as mc.asurcd for the slower components, would seem 
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to be subject to a somewhat greater experimental error in high salt 
concentration. In some cases, especially in concentrated solutions, 
the distance migrated did not correspond in each side of the U tube. 
This is a limitation of the method since not all of the components can 
be observed in more dilute solutions. As it was usually possible to 
get sharper bands on the positive side of the U tube, i.e. protein 
migrating into buffer, these values were used to calculate the mobili- 
ties listed in Table I. 

TABLE I 


Electrophoretic Mobilities of the Components of Sera from Various Animal Species at 
pH 7 .72 ± 0.02 and in Buffer Containing 0.15 ii NaCl -V 0.02 m PO^ 

Temperature + 0.5° 


Species 


Anti- 

body 


u X 10^ cm.»sec. 

“J volt-r 


Scrum 

Albu- 

min 

a 


Anti- 

body 

Y 

Horse anti-pneumococ- 

1902 I undiluted 

Percenl 

20.7 

-5.5 

-3.7 

-3.0 

-2.1 

-0.9 

cus I serum 

\902 n undiluted 

21.8 

-5.7 

-4.0 

-3.2 

-2.2 

-1.3 

Normal horse 

Pig antipneumococcus I 

W undiluted 

1.6* 

-5.7, 

-5.7 

-3.8 

-3.5 

-3.1 

! -2.7 


-1.0 

1 -1.1 

serum 








Rabbit anti-egg albumin 

431-5 1:4 dUuted 

36.4 

-6.0 

-3.6 

-2.9 

— 

-1.1 

serum 








Monkey antipneumo- 

8-58 1:4 diluted 

6.6 

-5.2 

-4.3 

-3.0 

— 

-0.7 

coccus III serum 









* This serum showed 9.7 per cent of a heavy component in the ultracentrifuge. 


Table II is a summary of the results obtained by electrophoresis 
of rabbit and monkey antipneumococcus and anti-egg albumin sera 
before and after removal of the antibody. The type of curves ob- 
tained in the case of anti-egg albumin serum 431-5 is shown in Fig. 1 
and the marked decrease in the 7 component in the absorbed serum 
is evident. The absence of antibody in the a and /3 components was 
also directly established in the case of a rabbit antiserum to crj'stalline 
horse serum albumin by isolating the albumin and a and /S components 
and demonstrating the absence of antibody with ciy’stalline scrum 

albumin. 

Table III gives the mobility and isoelectric point measurements on 
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antibody preparations from different animal spedes. The details of 
the preparations are induded in (3) . All the preparations showed but 
one Schlhren band at each pH and the horse antibody preparation 


TABEE n 

Dhiribution of Antibody in Rabbit and Monbey Antisera 


Spscics 

Stnim 

t 

5 

>« 


«* 

C 

a 

ft 

o 

tS" 

Area y component 
un.ibsorbcd 

c 

V 

c 

o 

c. 

Si 

^*o 

< 

>k 

.a 

cS 

w 

A 

u 

s ^ 

—5 

y component in un- 
nbsorbed serum 

Antibody in 7 com- 
ponent 

Anllboily in origi- 
nal scrum 



tn 

cent 


sti.cm. 


sq.cm. 

sq.cm. 

per 

cent 

per 

cent 

per 

cent 

Rabbit anti-egg 

431-5 

36.4 

Positive 

229.4 

119.8 

34.4 

85.4 

52.2 

71.2* 

37.2 

albumin 

1 


side 

Negative 

252.4 

125.1 

29.5 

95.6; 

49.6 

76.4* 

37.9 




side 

1 







Rabbit anli-cgg 

440 

12.3 

Positive 

94.9 

31.1 

18.6 

12.5 

32.$' 

40.2 

13.2 

albumin 


1 

side 

Negative 

111.5 

! 32.1 

16.7 

1 16.1 

! 

28.8 

48.0 

13.8 




side 








R.ibbit anlipncu- 

517 

18.0 

1 Negative 

143.4 

80.5 

28.2 

52.3 

56.0 

35.0 

19.6 

mococcusTjTic I 



sidejt 








Monbey antipneu- 

8-5S 

! 0.0 

i Positive 

206.1 

53.; 

'! 51,7 

22. C 

1 26.1 

41.0 

10.7 

mococcus Type 


j 

side 

i 







III 

; 


Negative 

2I7.( 

;■ 46.^ 

1! 28. 7 

17.7 

■ 21.3 

;38.2 

8.1 


{ 

' 

1 side 

j 

I 

J 

j 



1 

1 



* Isolalion of the component from this scrum by electrophoresis yielded a 
solution containing 70 per cent antibody by analysis. 

1 1 ’ositivc side results not used because of unsatisfactory reference scale; base 
line could not be accurately drawn. 

{ A different dilution was used for absorbed and unabsorbed sera; \-alucs given 
arc corrected to the same dilution. 

sliotvcd only one component by the scale method. In the case of the 
purified antibodies the distance moved in both the positive and nega- 
tive sides of the U tube was practically the same and the values given 
arc averages. The mobility pll curves are shown in Fig. 3. InsufFi- 
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dent monkey antibody was available for an isoelectric point deter- 
mination. The mobility values obtained for the purified horse, pig, 


TABLE in 


Mobilities of Purified, Antibodies at Various pH 
u X 10® cm.^ sec.~^ volt“^ 


pH 

Antipneumococcus 

Anti-egg 

albumin 

Horse 902 E 
Salt 

dissociated 

Cow Dj 
Salt 

dissociated 

PigWiB 

Salt 

dissociated 

Rabbit 

4562 A 
Salt 

dissociated 

4562 B 
Barium 
dissociated 

431-5 y 
Isolated 
by electro- 
phoresis 

3.18 

4.02 

4.81 

S.86 

<5.70 

7.72 
Isoelectric 
point pH 

4-2.21 

-M.12 

-0.63 

-1.12 

-1.34 

-1.70 

4.4 

4-1.43 

0.00 

-0.98 

-1.20 

-1.31 

4.8 

4-2.15 

4-0.49 

-0.62 

-1.02 

-1.30 

5.1 


4-1.10 

0.00 

-0.60 

-0.85 

5.8(5) 

4-0.95 

0.00 

-0.75 

-1.20 

5.8(5) 


TABLE IV 

Electrophoresis of Purified Horse Antibody Showing Degraded Material in 
Centrifuge {Cf. 3) at pH 7.7Z 


Preparation No. 

Antibody 

Number of 
components 

u X 105 

Approximate 
concentration of 
degraded material 
in electrophoresis 
Per cent of total 

9093 B 

per cent 

86 

2 

-1.6 

-0.3 

46 

902 K 

49.4 

2 

-1.7 

-0.7(5) 

22 

SnB 

30 

2 

-1.8(5) 

-0.9(5) 



and rabbit antibodies were the same as that observed in scrum at the 
same pH within experimental error. 
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As noted in Table I, pig W serum showed only four components 
at pH 7 .72 . From Table III and Fig. 3 it will be seen that at pH 7 .7 2, 
the mobility of pig antibody is practically the same as that of 7 com- 
ponent and hence they would not be separated at this pH. However, 
since the isoelectric point of pig antibody is much lower than that 
of 7 component, a separation was possible by nmning the pig W serum 
at pH 5.86 (the isoelectric point of 7 component) and five components 
were actually observed at this pH. 

The production of inhomogeneous degraded components observed 
in the centrifuge (3) in several horse sera is paralleled in electrophoresis 
by the production of a new component of lower mobility than the 
heavy antibody. Table FV gives the mobility values and concentra- 
tion of the components. 902 K is an antibody solution prepared from 
a bleeding from horse 902 a year after the bleeding from which 902 E 
(Table HI) was made (cf. 3). This component seems to be present 
in a concentration about that shown in the ultracentrifuge. 

DISCUSSION 

The results now obtainable with the new electrophoresis technique 
( 8 ) make it possible to obtain a more quantitative picture of the rela- 
tionships of immune substances to the serum globulin and more 
detailed information about the electrochemical properties of immune 
sera and purified antibodies. Table I indicates that the mobilities 
of the various normal components in sera from several animal species 
arc appro-ximatcly the same. The immune horse serum, however, 
.showed the presence of a new component, all of which seemed to be 
antibody, since it was absent on electrophoresis of the same serum 
after absorbtion of the antibody as shown in the photograph. Fig. 2. 
In the ultracentrifuge this scrum also showed a heavy component 
which was the bearer of antibody activity (3). Various species of 
anlibodic.s showing a heavy component in the ultracentrifuge, how- 
ever, may not have a mobility sufficiently different from one of the 
other components at any definite pH to be observed as a distinct 
component in clcctrophorc.ris. Thus pig serum W containing 9.7 per 
cent of a heavy component in the ultracentrifuge showed only four 
cYimjKments at pll 7.72. The purified antibody from this serum had 
a mobility so clo.'^c to that of the 7 component as to mal:c effective 
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separation at this pH impossible. By selecting a pH at which the 
difference was more pronounced, the pig serum could be shown to 
contain five components. 

The other group of sera in which the antibody was found to have 
the same molecular weight as the y globulin fraction showed no new 
component. A comparison of the mobility pH curves (Fig. 3) shows 
no differences between rabbit antibody solutions prepared by salt 
dissociation (4562 A), barium dissociation (4562 B), or electrophoretic 
methods (431-5 y). The rabbit and monkey antisera, because of the 
wide separation of the peaks, were easily adapted to quantitative 
measurements. Table II and Fig. 1 give a comparison of the change 
in the electrophoresis scale diagram due to the removal of antibody. 
The values for percentage of antibody obtained by analysis for anti- 
body nitrogen and total nitrogen (10, 11) (Table II, column 3) and 
those obtained by integration of the electrophoresis diagrams of the 
unabsorbed and absorbed sera (last column Table II) are well within 
experimental error and indicate that all of the antibody is contained 
in the y globulin fraction. It will be seen that both sides of the U tube 
are in good agreement for percentage of antibody, but that the total 
area on the negative side is always greater than that on the positive 
side. This is perhaps due to the so called 6 boundary (1) observed in 
most of these sera. The 5 boundary is now thought to be a shift in 
total protein concentration due to a discontinuity in buffer concentra- 
tion and conductivity formed near the starting position of the protein 
boundary in concentrated solutions (13). It has not been included 
in the curves. The agreement between the two sides in itself indicates 
that the occurrence of a 5 boundarj’- does not alter the relative con- 
centration of the other components. 

In those antisera in which the antibody occurs in the slowest 
migrating fraction, the electrophoresis method could be used to isolate 
fairly pure antibody. It is of great importance to select antisera in 
which a very high percentage of the y component is antibody. On 
immunization there occurs an increase in total serum protein, as well 
as in total globulin and antibody {cf. for example 14); therefore 
determination of the amount of antibody nitrogen would not be a 
sufficient guide to purification by tlie electrophoresis method. The 
agreement between the percentage of antibody in the y globulin 








128 


ELECTROPHORETIC STUDY OF IMMUNE SERA 


fraction of 431-5 (Table II) and that found by analysis after elec- 
trophoretic purification suggests the advisability of a preliminary 
run by the electrophoresis method as an indication of the suitability 
of the method for purification of the antibody from a particular 
antiserum. A test bleeding from the animal could be taken and the 
four times diluted serum run in the electrophoresis apparatus before 
and after removal of the antibody''. From the scale photograph 
(Fig. 1), the percentage of antibody^ in the y component could be 



A B 

Fig. 2. Electrophoretic SchUcrcn photograph of unabsorbccl (ci) and ab- 
sorbed {b) antipneumococcus liorsc serum. 


calculated and the advisability'- of further immunization or of imme- 
diate purification of the y component decided. For this preliminary 
test, at most 5 ml. of serum would be required for the ordinary' size 
electrophoresis apparatus (8) but with a new cell of the same length 
but of smaller cross-section area now being built, the required volume 
of serum would be reduced to about 2 ml. The method should be 
most useful for obtaining purified antibodies to protein antigens since 
the salt dissociation methods arc not applicable. In those cases in 
which the antibody is not in the slowest component the methorl is too 
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laborious (such as horse antibody). The purified 7 component is 
usually isolated in lower concentration than in the original serum due 
to the lack of absolute homogeneity of the globulin components (p. 
The advantage of the electrophoretic method is that it is a very mild 
method and permits isolation of proteins which retain their native 
state. 

The isoelectric points of the different antibody preparations and the 
pH mobility curves are included in Table HE and Fig. 3. The fact 



Fig. 3. Mobility of purified antibodies at different pH. 
O, horse. □, c»w. A, pig. 

Rabbit456: A + ;456;B X; 431-5 ©. 


that these preparations showed only one Schlicrcn band does not 
indicate absolute homogeneity but merely that the purified prepara- 
tions Were no less uniform than any of the components observed in 
seuim. The value for the isoelectric point of horse antibody is even 
somewhat lower than that given by Tiselius (4). Both these values 
•arc definitely lower than those given by Felton (15) and by Chow 
.and Goebel (Ifd. The methods of purification used by both of these 




130 


ELECTROPHORETIC STUDY OF IMMUNE SERA 


workers were non-specific precipitation methods. As has been noted 
in the experimental section, the inability to integrate the scale dia- 
grams in concentrated horse sera because of the poor separation of 
the globulin peaks may possibly be an indication of loose compound 
formation in these globulins and that the concentration methods of 
isoelectric precipitation used by these authors (15, 16) resulted in the 
precipitation of an addition compound of higher isoelectric point 
{cf. also Kendall, 12). 

Additional evidence that the washed antigen-antibody precipitates 
{cf. 10, 11) are free from non-specific protein was obtained by dis- 
solving a washed specific precipitate of egg albumin-anti-egg albumin 
in excess antigen and running in the electrophoresis apparatus. Two 
components were observed, one of excess antigen and another of an 
antigen-antibody compound. There was no component corresponding 
to ordinary y globulin, indicating the absence of the corresponding 
non-specific y component in the original washed precipitate. A 
detailed study of the inhibition zone in electrophoresis has been 
completed. 

The data concerning the degradation of horse antibody in the animal 
on continued immunization (3) indicate that it is also accompanied 
by a definite change in mobility as noted by the presence of two 
antibody components in a later bleeding from an animal which had 
previously shown one component (Table IV). Thus 9093 B showed 
two components in electrophoresis, both in appreciable concentration 
and a comparison of the original serum absorbed and unabsorbed 
showed that some of the slower y component was removed on absorp- 
tion of the antibody. Similarly in horse antibody 902 E (Table III) 
prepared from an earlier bleeding, only one component was observed 
in electrophoresis and in the centrifuge (3), while in 902 K (Table IV), 
prepared in the same way from a bleeding taken after another year of 
immunization, degraded material was present in the centrifuge and 
a new component of lower mobility was present in electrophoresis. 
This is probably a manifestation of a process of degradation and 
removal of antibody protein in the horse after prolonged immunization. 

SUMMARY 

1. Antibody produced in the horse migrates as a new serum com- 
ponent betw'een the /? and t components, w'hereas rabbit antibody 
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is electrophoretically identical •with, the 7 globulin component of the 
serum. 

2. In rabbit and monkey antisera the percentage of antibody in the 
serum and in the 7 globulin fraction can be determined by integration 
of the electrophoresis diagrams of unabsorbed and absorbed sera. 
Antibody solutions of high purity can be obtained by electrophoretic 
isolation of the 7 globulin of rabbit antisera in ■which the percentage 
of antibody to total 7 globulin is high. 

3. The isoelectric points of pig, cow, horse, and rabbit antibodies 
have been determined. 

4. In horse sera prolonged immunization is accompanied by the 
formation of another antibody component of lower mobility. 

Wc wish to thank Professor The Svedberg for his interest in this work and 
Dr, Michael Heidelbcrger for his valuable suggestions and assistance in supplying 
the various antisera and antibody preparations. 
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The Dissemination of Nasally Instilled Vaccinia Vires 
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After noting that trypan blue and T-1824 (1), as also egg albumin 
and serum albumin (2), could be found in cervical Ijunph following 
nasal instillation, attention was directed to the fate of nasallj’' instilled 
viruses. In this paper there are presented the results of experiments 
with vaccinia ^^rus. 

Tliat vaccinia and other virus diseases can be transmitted by nasal infection 
has been shown by many workers. Calmette and Guerin (3) dusted dried and 
pulverized vaccinia virus into the nose of rabbits, and found that immunity 
developed. Gordon (4) showed that the nasal mucosa of rabbits is particular!}' 
susceptible to vaccinia. Rhoads (5), for 3 successive days, dropped a mi.vture 
(1.0 cc.) of equal parts of a 1:2,000 saline dilution of glycerolated neurovaccine 
brain virus and pooled rabbit immune scrum into the noses of rabbits, and found 
that immunity was thereby conferred. 

The virus of poliomyelitis presents features peculiarly its own, and is not 
considered in this paper. It has been responsible, perhaps more than any other 
virus, for the concept of ncurolropic spread and efforts have been made to demon- 
stMic such a mode of dis'cmination for several other Yuruscs. Levaditi, Homus, 
and Haber (6) showed that the intranasal instillation of herpetic virus gave rise 
to an encephalitis which was not prevented by interruption of the olfactory 
p.ithway. Levaditi and Haber (7), investigating the distribution of herpes virus 
during the incubation period, demonstrated its presence in the Gasserian ganglion, 
though not in the olfactory bulb, and suggested a spread along the fibres of the 
5th cranial ncn-c. Sabin (S), working with the viruses of vesicular stomatitis, 
equine encephalomyelitis, and jvcadorabics, was abo of the opinion that viruses 
rouM !p:c.ad along nervous pathways other than the olfactors', and that the virus 
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of pseudorabies, for example, could extend either along the Sth cranial nerve, or 
along sympathetic and parasympathetic nerves. 

Apart from nervous pathways, infective material introduced into the naso- 
pharynx can spread in many directions. Some may be swallowed, some may 
enter the knp. MuUin and Ryder (9) and Corper and Robin (10) showed tliat 
with rabbits in the recumbent position India ink suspensions dropped into the 
nose quickly reached the lungs, entering the terminal bronchioles and alveoli. 
In the present paper attention has been confined to the dissemination of nasally 
instilled vaccinia virus along the lymphatic pathway, though some virus may 
enter the blood stream directly after invasion of the mucosa. 


TABLE I 

Examinatio7i of Cervical Node and Lymph for Vaccinia Virus 0 to 9 Hours after 

Nasal Instillation 


Experi- 
ment No. 


Amount of 

Time during which cervical 
lymph collected after dropping 
virus in nose 

Virus present in 

Animal 

virus suspen- 
sion in 
each nostril 

Superior 

deep 

cervical 

node 

Cervical 

lymph 

1 

Rabbit 


4 hrs. and 35 min. 


None 

2 

Cat 

HiH 

4 hrs. and 30 min. 

wBm 

1 

3 

Monkey 


4 hrs. and SO min. 


l( 

4 

U 

■Bi 

9 hrs. 


f( 


Material and Methods 

The experiments, which have been carried out on 4 monkeys (Macaca inulatta), 
1 cat, and 16 rabbits, fall into two groups. In the first group (Table I) one or 
both cervical lymph ducts were cannulated under general anesthesia by intra- 
peritoneal or intravenous nembutal. A suspension of vaccinia virus (1:10 dilu- 
tion of infected egg membrane) was dropped into the nose, and the collection of 
lymph continued for periods ranging from 4.5 to 9.0 hours, after which the animal 
was killed. In the second group (Table II) 5 drops of virus suspension were 
introduced into each nostril under nembutal anesthesia, and the animals allowed 
to recover. Subsequently, at intervals ranging from 12 hours to 7 days, the 
animals were again anesthetised, and this time the cervical lymph ducts were 
cannulated. Lymph flowed spontaneously in the monkeys, but only after massage 
of the cervical ducts in the rabbits. The cervical lymph ducts were cannulated 
low down in the neck, immediately before their opening into the veins. Virus 
present in this lymph would, in the intact animal, have passed without further 
glandular interruption into the blood. 

In addition to cervical lymph, in most e.xperimcnts Uie follo^ving were c-xamined: 
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(a) thoracic duct Ijunph, (b) blood, (c) superior deep cervical node (for its position 
in the cervical Ij-mph pathway see (1)), and (d) scrapings of the nasal mucous 
membrane, or in Experiments 5, 6, 15, and 19 nasal washings. 

Nasal washings were centrifuged and the supernatant fluid titrated. Nasal 
scrapings, obtained with a small curette inserted through the nostrils, were 

TABLE n 


Distribution of Vaccinia Virus 12 Hours to 7 Days after Nasal Instillation 


-1 

pen- 

ment 

No. 

1 

Animil 

Time 
interval 
between 
dropping 
virus in 
nose snd 
collection 
of l>mpb 

Hlgbest dilution of virus detectable in 

Nasal 

mucosa* 

Cervical 

node 

Cervical 

lymph 

Blood 

Thoracic 

duct 

l>inph 

Popli- 

teal 

code 

Mes- 

enteric 

code 

St 

Monkey 

4 da>'s 

+1:10 

— 

— 

— 

— 



6t 


5 

If 

+1:10 

— 

+ Und. 

— 

— 



7 

Rabbit 

12 hrs. 

+1:10 

+1:10 

+1:8 

— 

+1:4 

— 


S 

<{ 

1 day 

+1:100 

— 

+1:4 

— 

+1:4 



9 

<C 

2 daj-s 

+1:100 

+1:90 

+1:16 

— 

+1:4 



10 

<t 

2 

11 

+1:10 

— 

+1:16 

— 

+1:16 

— 


11 

tt 

3 

11 

+l;I0 

+l:I2 

+1:16 


+1:4 

+1:12 


12 

II 

3 

If 

+1:12 

+1:60 

+ Und. 

— 


— 


13t 

If 

4 

If 

+1:100 

+1:100 

— 


— 

+1:40 


14 

(f 

4 

If 

+1:100 

+1:40 

+1:4 


— 



ist 

If 

5 

If 

+1:20 

+l:S0 

+1:10 

— 




10 

ff 

5 

If 

+ 1:100 

+1:40 

+1:8 

— 

+1:4 



17 

11 

0 

II 

+1:100 

+1:40 

+l:16 

+ Und. 

+1:8 



ISJ 

ff 

6 

II 

+1:15,000 

+1:40 



+ Und. 

— 


191 

If 

6 

11 

+1:1,000 

+1:100 

+1:4 

— 

+ Und. 



2o: 

If 

7 

If 

+ 1:40 

+1:40 

+l:8 

— 

+1:8 



215 

II 

7 

II 

+1:10, OOC 

- 

+1:4 

+1:2 

+1:4 


— 


lihnk spaces indicate no examination. Und. = undiluted. 

* In Experiments 9, 14, 10, and 17, the nasal mucosa was not titrated beyond 
1:100. At this dilution the papules were large and well marked, 
t N.a'al rvashings. 

I Fractionation experiments (sec Table III). 


"clgl’.cd, ground, and centrifuged (2,000 n.r.it. for 20 minutes) to throw domi 
•rdlmcnt and mo-t bacteria. Typical x-accinia lesions, uncomplicated by sepsis 
vetf pnv, lured by the supernatant fluid. Since the curetting was done blindly] 
p,'.tchrs t'f infected mucosa m.ay have been obtained in some experiments m 
r-rain't more heavily infected areas in othc.'s. Idiis may Iravc been partly 
re’jK r.'ible (or tb.c vide fluctuations in the virus content of the mucosa. 
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In 6 experiments a popliteal l3Tnpli node was examined, in 2 the mesenteric. 
In 4 experiments cervical or thoracic duct lymph was centrifuged (2,000 R.p.ir. 
for 15 minutes) and the sediment and supernatant fluid tested separately for the 
presence of virus. Lymph and blood were prevented from clotting by adding a 
few drops of a sterile solution of heparin. Lymph nodes were weighed before 
triturating and adding Tyrode’s solution, so that the approximate dilution of 
virus was known. The amount of Tyrode’s solution which had to be added for 
effective trituration and centrifuging, though kept at a minimum, may have 
diluted small amounts of virus beyond the concentration at which they could be 
detected. 


Preparation and Detection of Virus 

The vaccinia virus employed was obtained from crude fresh calf lymph supplied 
by the Massachusetts State Department of Public Health. This was ground 
with pyrex glass fragments in hormone broth (pH 7.6) and filtered at —40 mm. 
Hg through a Berkefeld V filter. The virus in the bacteria-free filtrate (titre 
1:100,000) was propagated on the chorio-allantoic membrane of 12 day chick 
embryos and harvested after 48 to 72 hours. The membranes were stored at 
— 20°C. until required, when they were triturated with pyrex glass fragments in 
Tyrode’s solution. After centrifuging (500 e.p.m. for 7 minutes) the supernatant 
fluid contained virus which could usually be detected in a dilution of 1:200,000 
(i.e., 1:2,000,000 of the original egg membrane). Virus was used only after 
passage through 5 to 20 egg generations. Examination for the presence of virus 
was by intradermal inoculation into a susceptible rabbit. Readings were made 
on the 3rd, 4th, and 5th days. 

The following protocol of a typical experiment will illustrate the 
standard procedure. 

Experiment 21. — Rabbit, weight 2.2 kg. 

July 19, 1938. 2.0 cc. nembutal (5 per cent) intravenously. Rabbit placed 
on back. 5 drops of vaccinia virus in each nostril. Animal permitted to recover. 

July 26, 1938. 8:50 a.m., nembutal 2.0 cc. (5 per cent) intravenously. 9:20, 
trachea cannulated, stomach tube passed, 150 cc. saline introduced, esophagus 

ligated. . . . , , i 

9:25, nembutal 0.5 cc. (5 per cent) intravenously. 9:50, right cervical lympli 
duct cannulated, moderate lymph flow. 10:50, left cervical lymph duct can- 
nulated, flow light. 

11:20, nembutal 0.75 cc. (5 per cent) intravenously. 11:30, 50 cc. saline 
intravenously. 12:30 p.m., collection of cervical lymph (0.5 cc.) complete. 
Cannulae removed, and cervical ducts ligated. 

2:00, 2.0 cc. thoracic duct lymph obtained. \ 

2:15, blood sample taken from left jugular vein. Animal killed. 2. , e 

superior deep cervical node removed. 3:00, scrapings made of nasa mucous 
membrane. 3:20, abdomen opened, large mesenteric lymph node removed. 
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The tissues and fluids thus obtained were then titrated for virus content by 
intradermal inoculation into a test rabbit. Table HI gives the details of this 
titration. 


TABLE HI 


Test Rabbit for Experiment 21 


Tiisue or fluid 

Mode of preparatioD 

Dilutions 

Undi- 

luted 

m 

i 

1:8 

1:16 

Lymphocytes from 

Lymph centrifuged, super- 

++ 

++ 

+ 

— 

- 

cervical lymph 

natant fluid withdrawn and 
an equal amount of Tyrodc’s 
solution added to the sedi- 
ment 






Cervical lymph with- 

Supernatant fluid after centri- 



- 

— 

— 

out Ijanphocytes 

fu^g 






Lymphocytes from 

Lymph centrifuged, super- 



4" 

— 

— 

thoracic duct 

natant fluid withdrawn and 






lymph 

an equal amount of Tyrode’s 
solution added to the sedi- 







ment 






Thoracic duct lymph 

Supernatant fluid after centri- ] 



— j 

— 

— 

without l)Tnpho- 
cylcs 

fuging 

■ 





Superior deep cervical 

0.15 gm. plus 2.0 cc.TyTode’s 



— 

— i 

— 

Ijmph node 

solution 






Mesenteric lymph 

0.7 gm. plus 2.1 cc. Tyrode's 



— 

— 

— 

node 

solution 






Blood 

Whole 

+ 

-f 

- 

- 

- 



Undi- 

luted 

1:10 

1:10C 

1 

1:10,000 

Navil mucosa scrap- 

0. 1 gm. plus 1 .5 cc. TyTodc’s 

++4 

■+++ 

4— f 

+ 



solution 







+ + -f large papule; ++ medium papule; small papule. 


of the Firjdings 

1 irus Found in Cerrical Lymph only after 12 Hours . — In ncilhc 
nionhcy.c. cat, nor rabbit-s could virus be detected in the ccrada 
lyu'.ph within 9 hours after ha\-ing been placed in the nose (Table I 
b) ibr rabbits, with one exception, xdrus was found in the cervic 
Ivir.ph from 12 hours to 7 days after nas,al instillation. The xdn 


in tl’.t;; 


aninuls dex s not pass immediately through the mucosa, 
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did dyes and proteins (1, 2). There seems rather to be a preliminary 
period during which the virus establishes itself in the nasal mucosa, 
which becomes reddened and hyperemic. 

Virus Passes through Lymph Nodes. — The fact that virus is found 
almost constantly in cervical lymph (see Table II) after it has tra- 
versed a lymph node indicates that the nodes do not constitute an 
effective barrier to the passage of virus. Since there is no obvious 
difference in structure between cervical and other lymph nodes, it 
seems likely that this relationship holds good for all nodes. 

Is the virus affected by its passage through the node? Mchlaster 
and Kidd (11) found that there was a time factor involved. Virus 
which had reached the cervical lymph nodes increased during the 
first 3 days and then began to diminish, having disappeared completely 
by the 11th day. 

Virus Found in Thoracic Duct Lymph. — ^Virus is found almost as 
frequently in thoracic duct lymph as in cervical, though not usually 
in so great a concentration (Table II). The presence of virus in 
thoracic duct lymph may be due to some having been swallowed and 
invaded the gastro-intestinal mucosa. 

Even when the quantitative end-points were the same, in so far as 
the accuracy of our titration permitted us to judge, there was a marked 
difference in the size of the lesions produced by cervical and tlioracic 
duct lymph. The papules produced by the intraderraal inoculation 
of the former were larger than those produced by the latter. Thus, 
in Experiment 16, taking the highest dilutions in whicli the two 
lymphs produced lesions, the cervical lymph papule was 7 mm. in 
diameter as against 4 mm. for thoracic duct lymph, and in E.xperiment 
17 the corresponding diameters were 8 mm. and 4 mm., respectiv’’cly. 

Viriis in Lyjnph Fixed by the Lymphocytes. — If a specimen of virus- 
containing lymph is centrifuged for 15 minutes at 2,000 r.p.m., virus 
will be found only in the sediment (Table IV). Centrifuging at this 
speed is insufficient to bring down free virus, as was readily confirmed 
by centrifuging ordinary virus suspensions. The virus therefore 
must have come down in association with the sediment, vhich con- 
sisted of a few red cells and large numbers of white cells, whicli smears 
showed to be almost 100 per cent I>Tnphocytes. The work of Todd 
(12), Smith (13), and Douglas and Smith (14) would appear to exclude 
the red cell as a virus carrier. 
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One additional experiment (Table IV) seems to indicate that this 
fixation of virus by lymphocytes occurs in vitro, thus extending to the 
lymphocyte what has already been demonstrated by Douglas and 
Smith (14) and Sabin (15) for the blood leukocjries as a whole, by 
Rous, McMaster, and Hudack (16) for mixed cell suspensions from 
rabbit embiyos, and by Beard and Rous (17) for isolated Kupffer cells. 

Smith (13), analyzing the distribution of vaccinia virus in the blood, 
concluded that virus was never found in plasma or red cells, but was 
associated predominantly with the white cells, and in a much lesser 

TABLE IV 


Fraciionation of Lymph* 


Eiperiir.cnt No. 

Source of Ijmph 

Highest dilution of virus detectable in 

Sediment 

Supernatant fluid 

13 { 

Cervical duct 

— 

! — 

Thoracic duct 

— 

— 

18 

Thoracic duct 

+ Undiluted 

— 

19 

Cervical duct 

+ Undiluted 

_ 

20 1 

Cervical duct 

+1:4 

— 

Thoracic duct 

+1:2 

— 

Normal thoracic duct IjTnph plus virus sus- 
pensionf 

+1:10 



* Lymph centrifuged at 2,000 r.p.m. for 15 minutes. Supernatant fluid then 
removed and an equal volume of Tyrode’s solution added to the sediment. 

t The experiment is one in which 0.5 cc. of normal thoracic duct lymph and 
1 drop of a 1:5 virus suspension were mixed, incubated at 37°C. for 2 hours 
(being shaken up at 15 minute intervals), and then centrifuged. 

degree if at all with the platelets. “It is not known which type of 
while cell is of importance in this connection, or whether all tj-pes 
play a part. A few lymphocytes were usually found in the totally 
iiinctivc suspensions of red blood corpuscles, but the number present 
was .so srn.all that they might have contained virus and yet have 
(.•'.ilcil to produce any reaction.” In the cervical and thoracic duct 
lymph of the rabbit the lymphocytes are for all practical purposes the 
only white cell to be reckoned with -other white cells arc few and far 
brtwcf n and the vints therefore must be fured by the lymphocyte. 
Vhrth.rr the virus is intracellular or adsorbed on the surface of the 
cc;l. vire.v and lymphocyte travel together. 
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LYMPHATIC PATmVAY FROM NOSE AND PHARYNX 


Does fixation b}’- the lymphocyte have any effect on the virus? 
Further experiments are in progress to determine this point. Several 
workers have studied mixtures of virus with other cells. Beard and 
Rous (17) found that vaccinia virus was fixed and largely neutralized 
by freshly obtained Kupffer cells. Rous, McMaster, and Hudack 
(16) showed that virus fixed by living cells (from cultures of rabbit 
embryo fragments) was protected against neutralization by antisera. 
On the other hand the cells themselves may have a destructive action 
on the virus. Fairbrother (18) found that a mixture of white cells 
and immune serum had a more potent neutralizing action than im- 
mune serum alone. The experiments of Douglas and Smith (14) 
suggest that immune plasma may have an opsonic effect on virus, 
since a mixture of immune plasma and normal blood Ieukoc 3 des 
neutralize vaccinia virus to a greater degree than a mixture of normal 
plasma and washed leukocytes from an immune animal. Sabin (15) 
could not confirm their results. 

The Lyinph Node as a Centre for the Diffusion of Virus. — In respect 
to inert particles and bacteria (19, 20) the lymph node serves as a 
filter to lymph. With viruses there may be a fundamental difference. 
For since the virus becomes fixed by the lymphocyte, and since lympho- 
cytes are constantly leaving the nodes in large numbers, it follows that 
unless the node becomes completely disorganized virus also must 
leave with the lymphocytes. This has been demonstrated in the 
present experiments for vaccinia virus; it has yet to be proved that 
the same mode of spread is valid for other virus diseases. 

Significance of the Lymphocyte as a Virus Carrier. — That virus can 
be fixed by the lymphocyte may be significant for several reasons, 
(a) The \drus may be protected in its passage through bod}’’ fluids 
against any neutralizing principle whicli they may contain (16). 
(h) Since the lymphocyte can migrate through the walls of the capil- 
laries, virus which has entered the blood stream can leave it in all parts 
of the body, and the finding of vaccinia ■virus in any given tissue be- 
comes explicable by blood transmission. This does not c.xcliide the 
possibility of other modes of spread, but may render them more 
difficult to prove, (c) One of the most striking pathological changes 
in so many virus diseases is the perivascular accumulation of lympho- 
cytes. This is usually interpreted as reaction to the virus. Ala} it 
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conceivably, at any rate in part, be cause rather than effect? May 
it be that the accumulation of lymphocytes carrying virus is respon- 
sible for the first introduction of virus into the affected region? 

In conclusion, we would like to record our indebtedness to Dr. Cedi K. Drinker 
and Dr. John F. Enders for advice and encouragement. 

CONCLUSIONS 

Vaccinia virus dropped into the nose of a susceptible animal does 
not appear in cervical lymph in less than 12 hours. After 12 hours, 
and thereafter continuously for 7 days, a stream of virus is entering 
the blood through the cervical Ijunph ducts. Virus passes through 
the lymph nodes. Virus is fixed by the lymphocytes, and the sig- 
nificance of this is discussed. 
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A PRECIPITINOGEN IN THE SERUM PRIOR TO THE 
ONSET OF ACUTE RHEUMATISM* 
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The evolution of a rheumatic attack involves three distinct clinical 
phases (1, 2). The first is an acute respiratory infection, usually 
of not more than 3 days duration. The second is an afebrile, sjnnp- 
tom-free period which may vary somewhat but commonly lasts 14 
days. The third is the period of acute rheumatism, composed of one 
or more cycles of activity. Cycles consist of about 10 to 14 days 
of disease activity separated from each other b}-^ 7 to 10 days of 
remission. Of these three phases, the second appears to be crucial 
in the genesis of rheumatic actisuty. In an intensive study of this 
symptom-free period we have detected in the past only one abnormal- 
ity, a diminution of serum complement (3). 

Investigators in Jena (4), Wurzburg (5), Turin (6), Jerusalem (7) 
and New York (3), arc agreed that during acute rheumatic fever 
scrum complement may fluctuate from the normal to low levels, 
becoming steady at a normal level with rccovcrj-. With the ex- 
ception of acute nephritis (8) and scrum sickness,* a wide variety 
of other diseases show little or no variation in the complement 
level (9). 

Whether the decrease in titratable complement obscn-cd during the 
course of rheumatic fever is a result of the rheumatic process or a 
factor in the pathogenesis of the disease cannot be decided a priori. 
However, the decrease which occurs in phase II, before the onset of 
acute rheumatism, is definitely not a result of rheumatic activity, 

*li;c v.ori. rcpc'rtc.l in this communication was carried cut under TheW. K 
hr'-T-C Foundatinn Fund. 

* t r.putdi'hc-d dat.n from lhi<i labcratcty. 
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lending further support to the possibility that the phenomenon may 
be a factor in the pathogenesis of the rheumatic attack. 

Decreases in serum complement are known to occur when there are 
present in the circulation both an antigen and its antibody, with the 
former in excess. This suggested that during phase II, when comple- 
ment is diminished an excess of some antigen might be present. 
Should such an antigen occur, its antibody should then be present in 
excess shortly after the return of complement to normal, that is in the 
course of phase III. We have therefore looked for evidence of both 
antigen and antibody in the form of mutual precipitation between 
sera of phase III (presumptive antibody) and sera from phases II and 
I (presumptive antigen). 

EXPERIMENTAL PROCEDURE 

Selection of Patients . — Serial blood samples were taken at least once a week 
from rheumatic subjects recovering from hemolytic streptococcus phai^mgitis, 
and from non-rheumatic controls. Single blood samples were taken from control 
patients with other febrile disease and from individuals in good health. 

Preparation of Sera . — Sera were preserved with merthiolate and stored at 
S°C. for periods up to 6 months. Before being tested, they were cleared by high 
speed centrifugation and, when necessary, by filtration through a Pasteur-Cham- 
berland candle L2. 

The Precipitin Test . — Chemically clean precipitin tubes and pipettes were 
used exclusively. Undiluted sera were tested against one another for mutual 
precipitation. 0.1 cc. of antibody serum was layered over 0.1 cc. of antigen 
serum. Three readings were recorded as follows, the third being the one reported 
throughout this paper: (o) Ring formation after 10 minutes at room temperature. 
(6) Precipitation after mixing and incubation for 2 hours in a 37° water bath, 
(c) Precipitation after refrigeration overnight at 5°C. The intensity of precipita- 
tion is expressed as in previous communications (10). 

-f-p-f large flakes. 

-P -P ± large and small flakes. 

-p -p small flakes or granules supernatant clear. 

-P ± numerous flakes or granules appearing in cloud}’ whirl. 

-P cloudy whirl. 

0 clear. 

— not tested. 


Preliminary Obscrvalions 

It was soon observ^ed that sera taken at the height of an acute 
attack showed definite precipitation with sera taken within a week 
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before the onset of S 3 nnptoms. Pairs of sera which reacted with each 
other were then tested separately against other sera from the same 
patient, as tabulated in the following sample protocol. 


Phase 

Date 

Phase I 

Phase H 

Phase HI (cj'cle I) 



(lilay 10) 

(May 18) 

(May 22) 

(May 24) 

(May 28) 

1 (June I) 

I 

May 10 


— 

0 

0 

0 

0 

n 

“ 18 

— 


0 

+ 

++ 

+ 


“ 22 

1 

0 

0 


— 


— 

m 

“ 24 

0 

+ 






“ 28 

0 

++ 

+ + 

— 


0 


June 1 

0 

+ 

— 

— 

0 1 



These findings showed that precipitation occurred only between 
phase II and phase III sera. In at least six other patients known 
positive phase II sera were tested against each other and known posi- 
tive phase III sera were also tested in pairs. No reactions occurred 
between any of these combinations. This limitation of the reaction 
to the combination of phases II and III furnished a plan on which 
c.\tcnsivc investigations were based. Sera from phase II (and also, 
when available, from phase I) were tested as potential antigens 
against sera from phase III. 


PrccipUiii Rcaclions in Antic Rheumatism 

The first data to be discussed arc from seventeen rheumatic sub- 
jects who developed rheumatic fever follomng hemolytic strepto- 
coccus pharj-ngilis during the winter and spring of 1938. Four of 
these attacks were mild, five of moderate intensity, five severe, and 
three were of c.xtrcmc intensity. Illustrative patients arc listed in 
Table I, in order of increasing severity. 

This group includes those patients who had rheumatic attacks in 
from whom sera were obtained before the onset of symptoms. 
They were quiescent rheumatic .•subjects who had been under our 
olHer%-atiD!i for a mimber of yc.ars. They were selected for study at 
tluv time Iwcausc each had contracted a bacteriologicillv proven 
M rt pt.^coc^T.l pharyngitis. All but one showed predpitins during the 
••'■rule .attack to .a:i .antigen present in their own serum just before the 









Patient 


Bou 


Ale 


Sco 


Sut 


Hah 


jrom Patients with Acute Rheumatism 


Phase III 

Potential antigens taken during 


_ sera 
(time after 

Phase I 


Phase II 


Character of attack 

infection) 

•Early 

Middle 

Late 


days 

30 

0 

0 

0 

0 


32 

0 

0 

0 

0 


36 

0 

0 

0 

0 


39 

0 

0 

0 

0 


40 

0 

0 

+ 

+ 

Mild 

43 

0 

0 

+ 

+ 


47 

0 

0 

0 

+ 


51 

0 

0 

0 

0 


65 

0 

0 

0 

0 


47 

0 

— 

0 

+ 


49 

0 

— 

0 

+ 


51 

0 

— 

0 

+ 


54 

0 

— 

0 

+ 


56 

0 

— 

0 

0 

Moderate 

59 

0 

— 

0 

0 


66 

0 

— 

0 

0 


73 

0 

— 

0 

0 


80 

0 

— 

0 

0 


87 

0 

— 

0 

0 


16 

0 

— 

0 

0 


17 

0 

— 

0 

0 


20 

0 ' 

— 

0 

0 


23 

0 

— 

0 

+± 


24 

0 

— 

0 

++ 


31 

0 

— 

0 

++ 

Severe 

38 

0 

— 

0 

0 


45 

0 

— 

0 

0 


52 

0 

— 

0 

0 


59 

0 

— 

0 

0 


18 





0 


20 


_ 

— 

+ 

Fulminating 

22 


0 

— 

++ 


24 


— 

— 

++ 


28 

— 

0 

— 

+ 


30 

— 

— 

— 

0 


34 



— 

— 

0 


36 


— 

— 

0 

Recovery 

38 

— 

— 

— 

0 


42 

— 

— 

— 

0 


16 



_ 

++ 

Fulminating 

19 


— 

— 

+++ 


24 



— 

+ 


27 



— 



31 

35 


— 

— 

++ 

++± 

Died (autopsied) 


_ 


„ let ^nH.Srrl week after infection. 
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onset of the attack. Sera taken at 2 to 3 day intervals showed that 
the concentration of antigen was maximal just before the symptoms 
appeared and that it disappeared within 3 days thereafter. In five 
cases enough sera w’ere obtained before the onset of rheumatism to 
establish the fact that the antigens with which the above precipitins 
reacted were not present during pharyngitis but appeared in phase 
II. In one of these cases sera taken during the month preceding 
pharyngitis were also free of antigen. The precipitin appeared in 
each case during the peak of the rheumatic cycle and disappeared 
with subsidence. The most intense reactions were observed in sera 
from the severest attacks. One individual with rapidly fatal ful- 
minating rheumatism gave the strongest precipitin reaction of all 
cases studied. 


PrccipUiii Reactions Following Uncomplicated Streptococcus Injections 

without Rheumatism 


All the patients presented in Table I had had hemolytic strepto- 
coccus phar 3 ’ngitis. The possibility that the precipitin reaction was 
associated with pharjmgitis rather than rheumatism was therefore in- 
vestigated. In order to determine the serological behavior of patients 
who recovered from hemolytic streptococcus without developing rheu- 
matism, two control groups were studied. These consisted of twenty 
non-rheumatic subjects and twenty-seven rheumatic subjects with 
uncomplicated respirator,* infections. Sera obtained during the first 
21 days after infection were tested as potential antigens, and sera 
obtained thereafter as potential antibodies. 

The rc.'^ults of these tests were negative c.xcept in three patients 
who developed precipitins 4 to 5 weeks after infection. In one 


of these the antibody scrum reacted only with scrum from the period 
of acute infection (phase I), In the other two the antibody sera 
reacted with serum t.ahen 2 weeks after infection; that is, their serolog- 
ical behavior was similar to that seen in the rheumatic group. It 
is of interest that, of these two, one had to be readmitted to the 


hospital because 


of abdominal pain accompanied by a high sedimenta- 


tion latr. 
The seco 


I iiis occurred at the time that the precipitins were present, 
id control group consisted of tvccnty-scvcn rheumatic sub- 


ject ‘i u 


der clo;e obscr^T.tion who contracted hemolytic streptococcus 
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pharyngitis but escaped all clinical and laboratory signs of rheumatic 
activity. The sera were assigned to serve as antigens or antibodies 

TABLE n 


Precipitin Reactions between Potential Antigens and Potential Antibodies in Sera 
from Rheumatic Subjects with Pharyngitis Who Escaped Recrudescences 



Potential 
antibodies (time 
after infection) 

Potential antigens taken 

Patient 

1 

During acute 

Following acute infection 


infection 

1st wk. 

2nd wk. 

Deu 

days 

16 

0 

0 

0 


19 

-f- 

+ 

4- 


21 

+ 

-1- 

+ 


23 

0 

+ 

-1- 


26 

0 

-t- 

+ 


28 

-f- 

d-zfc 

-l-=b 


30 

0 

+db 

+± 


36 

— 

+± 

-1- 


43 

+ 

-j-± 

+ 

Eas 

20 

-1- 

+ 

0 


24 

-H 

-f 

0 


31 



+± 


52 


+zt 

-1- 

Fei 

33 

0 

0 

0 


45 

+ 

-h 

++ 


59 

0 

0 

0 

Kir 

17 

0 

-1- 

0 


24 

+ 

+ 

+ 


38 

0 

0 

0 


52 

0 

0 

0 

Sav 

28 

+± 


+± 

35 

+ 

+ 

+ 


42 

0 

0 

+ 


56 

+ 

+ 

0 


just as in the preceding group. The positive results of the precipitin 
tests are presented in Table II. 

The results of these tests were negative in twenty-two cases. Tlicse 
are omitted from the table. The five positive cases developed 
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predpitins to some substance present during the acute infection and 
for the next 2 weeks. None of the precipitating sera were positive 
to phase II (the time corresponding to the symptom-free period) 
unless they were also positive to phase I (acute infection). These 
predpitins remained strong in three patients for at least 2 months 
after infection, in the absence of all symptoms. This type of reaction 
appeared on further investigation to be distinct from that of acute 
rheumatism (see page 158). 


Precipitin Reactions in Patients with Polycyclic Courses 


The data presented so far were confined to the first cyde of acute 
rheumatism, and in most cases it was dear that the predpitin pres- 
ent at the height of the cyde decreased as disease activity sub- 
sided. The next point investigated w-as whether predpitating sera 
would recur \dth repeated cj'cles of rheumatic activity. It was found 
that sera taken at the height of cyde EE contained good predpitins 
for phase II antigen. The data are presented in Table III. 

It will be noted in Table III that predpitins for phase II antigen 
recurred during the second cjxle of rheumatic activity. It will 
also be obscived that predpitins disappeared from the sera during 
the periods of remission between cjxles of activity, ^^^len these 
remission sera whidi did not contain antibody were retested as anti- 
gens against known positive cyde II antibodies, precipitation was 
once more observed. The occurrence of antigen during a remission 
between cycles is illustrated in Table W. 

.\ntibodics appearing in cycles I and II both predpitated phase 
II antigen. Furthermore, antibodies appearing in cycle 11 predpi- 
tated antigens developed during the remission between c>-des. To 
demonstrate the identity of the phase II and remission antigens, it 
was nerc.ssar}' only to show that remission antigens would form a pre- 
cipitate with o-cle I antibody sera, cvhich preceded them in time. 
The reactions of remission antigens with antibodies whidi preceded 
and followed are given in Tabic IV. The data in Tables III and IV 
leave no doubt that the antigens of phase II and remission sera arc of 
iimilar reactivity. 


It ha'; oiten been observed that a 
.an .attach a wcehs after hemolytic 


rhcumraic subject can escape 
.•streptococcus infection, only 
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to develop acute rheumatism some weeks later, at the time that a 
second cycle would ordinarily be anticipated. One patient in our 
1938 series behaved in this manner. Sera were collected from the 
onset of pharyngitis, and the patient was kept under close observa- 

TABLE III 


Precipitin Reactions between Sera Taken during the Second Cycle of Acute 
Rheumatism and Sera Taken during Phase II 


Patient 

Antibodies 

Antigens (phase 11) 

Clinical comment 

Cycle 

Date 




(Apr. 3) 

(Apr. 8) 


San 

I 


0 

+ 

Acute rheumatic attack 



“ 21 

+ 

+ 




“ 28 

0 

0 







Remission Apr. 30 to May 7 


II 

May 10 

0 

0 




“ 17 

0 

0 

Another cycle 



“ 25 

+db 

+± 


1 


June 7 

0 

0 





(Apr. 7) 

(Apr. 14) 


Low 

I 


+ 

+ 

Vague symptoms 



“ 28 

0 

0 

High blood sedimentation rate 



May 14 

+ 

+ 




“ 19 

+ 

+ 




“ 21 

0 

0 

j 



" 28 

0 

0 




June 4 

0 

0 



II 

“ 18 

0 

0 

Acute rheumatic attack 



“ 25 

0 

+ 




" 27 

0 

+ 





(Jan. 27) 

(Feb. 3) 


Ter 

II 

Mar. 7 

0 

0 

Second cycle of acute rheumatism 



» 10 

0 

+ 




“ 12 

+ 

+± 



tion in the hospital. So far as could be determined, she escaped all 
evidences of rheumatic activity for 6 weeks after the infection, 
and then developed a mild but definite attack of acute rheumatism. 
During the first month after infection, it appeared that the patient 
had escaped rheumatism and wc were unable to detect either antigen 
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TABLE IV 


precipitin Reactions between Sera Taken during the Remission between Cycles and 
Sera Taken during the First and Second Cycles 


Pttient 

Antibodies 

Antigens (from remission between 
cycles I and 11) 

Cycle 

Date 




(Apr. 29) 



Pag 

n 

May 3 

+± 





“ 6 

+ 





“ 10 

+ 






(M»r. 28) 

(Apr. 5) 

(Apr. 2) 

Lem 

I 

Mar. 8 

+± 

+± 

0 

1 


'■ 12 

+± 

-f=h 

+ 


1 

1 

« 22 


+i 

+± 


11 

Apr. 9 

+ 

+ 

+ 



« 11 

+ 

+ 

+ 



“ 13 


+ 

+ 



“ 16 

-f 

+ 

+ 



" 18 

+ 

+± 

+ ± 



« 21 

0 

+ 

+ 



" 25 

+ 

+ 

+ 



'• 27 

0 

0 

0 



“ 29 

0 

0 

0 


TABLE V 

The Ijite Dr.elopmer.t cj Foritire Precipitin Reactions in a Patient with a Delayed 
Attack of Acute Rheumatism 


Antil><>ilei 


Antittn* 


Lite 


Teriod ufually correipondinf to 


Stiff ef d'jifitf 


rfcuci 









rhue II 

Remirsicn after c^xlc I 






c! phljc in 



iCJea.IJ) 

(Jir..;-.) 

(Ftb. J) 

(Ftb.l9) 

iFtb.:») 

(Ftb.26) 

I'tri'xi corrcfpc'p J. : 

I-cb. i 


0 

0 




iar. lo O aic I 

•• 7 i 

0 j 

0 

0 





.. ,1 

I 

0 

0 

0 




I'rtol r' taiie tl-.rjrr..n. 

1 

j Mar. 2 

0 

0 

0 


0 ^ 

0 


< 

0 

0 

0 

1 0 

0 

0 



! 0 

0 

0 

i -1- 


1 0 



I •• :j 

1 <' 

1 

0 

i 

1 0 

i 

i 0 
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or antibody. However, she did develop an attack at a time which 
would ordinarily correspond with a second cyde. Coinddent with 
this, precipitins appeared to serum taken one week before the onset of 
symptoms. The findings on this patient are given in Table V. 

Experiments Dealing with Cross-Reactions between Patients 

All the reactions reported so far occurred between sera of different 
dates from the same patient (hereafter termed homologous sera). 
The next point investigated was whether these reactions could be 
duplicated between antigens and antibodies from different patients 


TABLE VI a 

Precipitin Reactions between Homologous and Heterologous Sera 


Antigens 

Antibodies 

Precipitin 

Patient 

stage of disease 

Type 

Stage of disease 

reaction 

PH 

Phase II 

Homologous 

Phase HI 




Heterologous 

Phase HI 

-f-d: 

Sco 

Phase n 

Homologous 

Phase III 

++ 



Heterologous 

Phase HI 


Sci 

Phase n 

Homologous 

Phase HI 

+ 



Heterologous 

Phase in 


Sut 

Phase n 

Homologous 

Phase III 




Heterologous 

Phase HI 

+± 


(heterologous sera). Observations on this point are presented in 
Table VI a. 

Table VI a shows that heterologous sera gave predpitation reac- 
tions of approximately the same intensity as homologous sera when 
tested against the same known antigens or antibodies. The reactions 
are therefore not patient-specific. This point was further studied 
by checking the development of predpitinogen in phase II. The 
earliest positive antibody serum from each of two patients was tested 
against potential antigen sera from one of them. In both cases 
positive reactions occurred with a single antigen serum, taken 14 days 
after the onset of pharjmgitis. The negative antigens were negative 
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to both homologous and heterologous antibody. The data are sum- 
marized in Table b. 

A similar experiment vas run in vrhich the development of pre- 
cipitin in phase III vras determined by tests with three different 
antigens. As can be seen in Table Vic when a number of antibody 
sera from one patient were tested against positive homologous and 
heterologous antigens, differences in the intensity of reaction were 
apparent. These differences seemed to reflect differences in the 
strength of the antigens. 


TABLE VI b 

Dadopmait of Precipitinogen in Phase II Sera as Determined by Reactions with 
Ilomologoiis and Iletcrologous Antibody 


Arilibodi« 

Phnse III 

Poteatial antiEecs» patient Sci 

1 

rhjis 1 ] 

rhise n 


0 1 

0 

+ 

0 


0 1 

0 

Mu. 

0 






TABLE VI C 

The Dreelopment of Precipitin in Phase III Sera as Determined by Reactions will 
Homologous and Heterologous Ai-.tigens 


Ar.tiffr.% 

11 

Polcntial nnlibtylies (Sci) 

1 Pbsse in 


(Six:. 10) I 
0 1 

(itar. 15) 

4- 

(Mat. 72 ) 

S'jt M.iy 26 (jtronr) 

+± 

+i 

\ -f 


.Ml the antibody sera referred to in Table VI were Imown t 
coiuaijj precipitin from preliminary- positive reactions with their ow 
sera. The next subject of inquiry was whether sera from all palicnl 
with acute rheumatism would ]>recipitate known positive antige 
srr.T. To test this point, antigen sera from the two patients in Tab 
VH' Were set up acainst the sera of nine patients with acute rheum: 
ti-m. Two sera taken some days apart were tested from cac 
patirnt. to vnsurcat le.ast one at an ap'prr.:)ri.ate time in the rhet 
rimtic (vcie. ‘I'hr r( ='.;hc are lift.aihd in Tuhk- Vll. 

Uk rdc j-lviO in Tat>le VII consi-s- of i.h-.-j m.sshcted i 
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acute rheumatism admitted to the hospital wards some time after 
the onset of symptoms. No homologous antigens were available. 
The sera of eight of these patients contained precipitins for heter- 

TABLE VII 


Precipitin Reactions of Sera from Patients with Acute Rheumatism with Two 
Heterologous Sera Kimvn to Contain Antigen 


Patient (potential antibodies) 

Antigens 

Hah 

Sci 

Ace 

Jan. 8 

+ 

0 


“ 24 

+± 

+ 

Bar 

Mar. 14 

0 

0 


“ 24 

+ 

+± 

Bra 

Oct. 21 

0 

0 


<< 27 

+ 

+± 

DeB 

Dec. 27 

0 

0 


Jan. 3 

+± 

0 

Kau 

Dec. 20 

+ 

0 


« 29 

+ 

+ 

Ros 

Mar. 2 

+ 

-b± 


« 9 

0 

+ 

Smi 

Feb. 10 

+ 

0 


» 23 

++ 

+ 

Ste 

Mar. 7 

+ 

+ 


“ 8 

0 

+ 

Wol 

Dec. 23 

0 

0 


« 29 

0 

0 


ologous antigen. The data in Tables V to VII, inclusive, indicate 
that this precipitation reaction is not patient-specific, but will occur 
between sera of any rheumatic patients provided that such sera 
represent appropriate stages of the disease. 
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ExpcrinicHls Dealing with the Specificity of the Reactions for 
Rheumatic Fever 

The foregoing data have indicated that during post-streptococcal 
convalescence, the predpitin reaction occurred only in acute rheu- 
matism wth the exceptions discussed. We have just shown that 
the reaction is not patient-spedfic. Whether it is disease-spedfic 
was next investigated. 

First it was ascertained that normal sera were consistently negative 
to one another and to the sera of acute rheumatism at all stages of 
disease activity.® Then it was found that neither fever nor rapid 
blood sedimentation paralleled the occurrence of the predpitin re- 
action. Sera taken during high fevers (assodated with tonsillitis, 
lymphosarcoma, leukemia, tuberculosis, undulant fever) and sera 
from rapidly sedimenting bloods (assodated with post-streptococcal 
acute nephritis, pneumonia and tuberculosis) were consistently nega- 
tive to phase II antigen. Reactions did not occur when either antigen 
or antibody was replaced by serum from other acute febrile diseases. 

Another possibility investigated was that this reaction might be 
related to the non-spcdfic predpitation of pneumococcus C sub- 
stance reported to occur in acute rheumatism by Tillett and Francis 
(11). The sera from seven patients with acute rheumatism were 
found to contain strong predpitins for a 1:50,000 dilution of pneumo- 
coccus C. It was also found that, with one exception, the sera of 
twenty patients who were recovering from streptococcal throat in- 
fections but who did not have acute rheumatism, failed to predpitate 
pneumococcus C substance. These observations supported the 
possibility that the predpitin reaction might be related to the predpi- 
tation of pneumococcus C substance. If sudi were the case, it should 
be possible to establish (1) that phase II antigen reacts vnth anti- 
pneumococcus sera and (2) that the predpitin of phase III antibody 
for plrn'c II antigen should be removed by absorption with pneumo- 


• Tlic ;ci.i of one {nticr.i who developed acute theumati'm in the 6th month of 
i':trnr.r.ry -’n.wr,! conip’.ctcly divergent bchawor. They pave strong positive 
rrir’.ii r.', with, all hon'.r'l.ig-’U' fern, with heterologous rheumatic tera, v.iih normal 
! r:a. rvrn with ra’.hit f r.-a, A<. the -ame thi.ng wa.'. found to he true for r.o^uil 
I’Trgt..inr;r' , tV.v- cs’c h.r.t l>ee,n chmir.ate.l from the preent di^cu^tion. 
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COCCUS C substance. Experiments on these points were ‘therefore 
set up : — 

1. Known positive phase II antigens were tested with sera from 
four patients with lobar pneumonia and with horse and rabbit anti- 
pneumococcus sera. These pneumonia sera precipitated C substance 
but did not precipitate the rheumatic phase II antigens. 

2. Positive phase III sera from four cases of acute rheumatism were 
treated with pneumococcus C. Following absorption, they failed to 
precipitate C substance but still precipitated rheumatic phase II 
antigens, both homologous and heterologous. An illustrative protocol 
is seen in Table VIII. 

TABLE vin 


The Effect of Absorption with Pneumococcus C on the Precipitation of Phase II 

Ajiligens 


Patient Cal 

Antibody Apr. 12 

PnC 

Antigens 

Homologous 
Cal Mar. 31 

Heterologous 
Low Apr. 14 

Unabsorbed 

++ 



After absorption tvith C 

0 

-f-± 

+ 

After control absorption with saline* 

0 

j 

+ 

+ 


* Weakening of the pneumococcus C reaction in sera subjected to absorption 
■with saline was observed repeatedly. Simple dilution of serum with saline, how- 
ever, did not produce this effect. 


These two findings indicate that the precipitin reaction of rheumatic 
fever is not related to the non-specific pneumococcus C reaction 
common to a number of febrile diseases. 

The Relation of the Rheumatic Precipitin Reaction to Streptococcal 

Derivatives 

The next e.xperiment was done to determine whether the precipitin 
to phase II antigen was an antistreptococcal immune body. This was 
investigated in two different %vays: (A) by testing known positive 
phase III antibody sera for antibodies to various well known fractions 
of hemolytic streptococcus; and (B) by testing known positive phase 

II sera for streptococcus antigens. 

Five known positive phase III antibodies were each tested against 
the following streptococcus fractions; C (group-specific carbohydrate), 
P (nuclcoprotein) and i\I substance of the same type as the patients 
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throat culture taken during phase I. Three of the sera were negative 
to C, and two others to P, indicating that in certain patients anti-C 
and anti-P are not involved in the observed predpitin reaction. The 
data are presented in Table IX a. 

All of the antibodj' sera contained anti-M at some time during phase 
III; however, the reactions of phase IH antibod)’’ with M substance 


TABLE EC a 


Precipitin Reactions oj Phase III Sera with Streptococcal Fractions and Homologous 

Phase II Sera 


Antibodies 

Antigens 


Streptococcal 

c 

p 

1 Homologous 

1 phase 11 

AIc 

mmm 

-h-f 

0 

bb 

+ 

Cal 


+± 

++ 

-f-f 

+ 


HNIH 

db 

0 

0 

+ 



0 

0 

0 


msm 


++ 

++ 

++ 

++ 


TABLE DC h 

The FJiect of A bsorbing Phase III A nlibody scith M Substance on the Precipitation of 

Phase II A niigen 


rulcr.l ^type 15 or 17) 

Actibf/dy 

Antigens 

3.1-15 

M-17 

; Homologous 
phase II 
isligca M»y 26 

Unat)?-orl)cd 

+ i 


'hdtz 

ALr'iilifsl with M-IS 

0 

0 

4- 

with M-17 

0 

0 

4- 

O-'uVn:! with *vitinc 

4* 

0 

*r 


did not parallel their reactions with phase II antigen (five cases cx- 
•atnined). This suggested hut did not prove the independence of 
rheumatic precipitin and anti-M. Phase III antibody sera from four 
ca' fs were therefore absorbed, each with its own type-specific M 
rub tr.ncc (previously determined from throat culture isolated during 
plir.'e 1) to determine whether the precipitin to ph.asc II antigen 
could thereby be removed. Following ab.sori>tion the ph.asc III 
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sera no longer precipitated M substance but did still precipitate 
phase II antigen. A typical experiment is presented in Table IX h. 

Secondly, known positive phase II antigens were tested with four 
antistreptococcal therapeutic sera known to contain antitoxin, anti-P 
and anti-C. These reactions were all negative. Similar tests were 
performed on antigens from the same patients whose throat infections 
had been typed, using t}rpe-specific anti-M rabbit sera. The results 
were again negative as seen in Table X. 

These findings indicate that the phase II antigen is not one of 
the four streptococcal products investigated. Phase III sera contain 
several antibodies to hemolytic streptococcus; but the precipitin to 


TABLE X 

Precipitation of Rheumatic Antigens by Type-Specific Anti-M Rabbit Serum and 

Homologous Phase III Serum 


Type No. 

Antigens 

Anlil 

Type-specific 
anti-M 
rabbit serum 

jodics 

Homologous 
phase III serum 

15 

Sut 

June 6 

0 

+ 

29 

Lem 

Mar. 3 

0 

+ 

30 

Cal 

“ 31 

0 

+ 

30 

Kea 

Apr. 18 

0 

+ 

30 

Sci 

“ 19 

0 

+ 


phase II antigen seems to be distinct from the bacterial antibodies 
investigated. 

The NaUire of Positive Reactions in Rheumatic Subjects Who Escaped 

Rheumatic Attacks 

It was seen in Table II that a few individuals who escaped rheumatic 
attacks nevertheless developed antibodies in phase III Cpnge 148). 
These sera precipitated all those which preceded them, not only 
phase II but also phase I. In other words, the antigen involved 
was already present during phase I. The question raised by these 
patients was whether the precipitin of these phase III sera vas the 
same as the precipitin in phase III sera of rheumatic subjects who 
developed attacks. To throw light on this problem, the sera in 
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question were tested with known positive antigens of patients who 
had developed attacks. The results are shoum in Table XI. 

From Table XI it is seen that the precipitin observed in these two 
patients was distinct from the precipitin which followed the develop- 
ment of acute rheumatism. 

The Nature of Negative Reactions 

The next point to be investigated was the reason for the negative 
reactions observed between pairs of homologous sera taken during 
recovery from throat infections. In these cases, where both sera 
were of unknown character, failure to form a precipitate may have 
been due to the absence of antigen, or antibody, or both; or to 

TABLE XT 

The Abscuce of Precipitin Reactions bcivieen Knoion Positive Phase II Antigens and 
Antibodies from Patients Who Escaped Attacks 


Astiecni 


Anlibodict positive 

From phase 1 not fol- 

Froni pbase 11 followed by attacks 

to phue 1 

lowed by attacks 


(beterolosoul) 




Deu 

Eas 

A 

b 

C 

d 

— 

Apr. 11 

-hdb 

-hi 

0 

0 

0 

0 

Bi 

“ 22 


-h 

0 

0 

0 

0 


their presence in unsuitable proportions. Accordingly potential 
antigens and potential antibodies which had been negative to their 
homologous sera were retested against known positive antibodies and 
antigens, respectively, to determine whidi of the essentials of a positive 
reaction was missing. 


. 1 . Negative Reactions in Rheumatic Subjects Who Escaped Attacks . — 

The first experiment of this Upc was set up to retest 
the precipitating power of two potential antibody sera from four 
tiuum.'itic subjects who recovered from pharemgitis without develop- 
ing .ncute rheumatism. Fight of these sera were tested with four 
hn.t'-.vn positive phaH' II antigen sera. The results 51107,-0 were nega- 
tive, in, heating that antibodies to phase II antigen were absent from 
.all ol tight sera ne.xamined. 

.In.'-rer:; .—Ten potcnti.al antigen sera which had been negative to 
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homologous sera collected about 4 weeks after infection, were re- 
tested mth known positive rheumatic antibodies. The data are 
presented in Table XII. Half of these rheumatic subjects, who es- 
caped attacks and who did not produce precipitins, nevertheless 
developed some antigen which could be precipitated by known posi- 
tive heterologous antibodies. 


TABLE xn 


Precipitin Reactions between Apparently Negative Phase II Antigens (from Rheu- 
matic Subjects Who Escaped Attacks) and Known Positive Phase III Antibodies 



B. Negative Reactions in Non-Rheumatic Subjects . — 

Antigens . — ^It has been previously shown that some rheumatic 
subjects who escaped rheumatism following hemolytic streptococcus 
infections developed antigen without forming antibodies to it. The 
next experiment was done to determine whether in non-rheumatic 
subjects who showed no precipitin reaction an antigen was likewise 
present. Sera from ten patients taken about 2 weeks postinfcction 
were retested with four known positive precipitins from phase III 
of acute rheumatism. 

Of the thirty- two tests, only one gave a positive reaction. The 
number of cases is too small for final conclusions; but the observ'ations 
suggest that non-rheumatic subjects do not develop an antigenic 
substance at a time corresponding to the latter part of phase II. 
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DISCUSSION 

Although it is not the purpose of the present study to identify the 
precipitinogen vdth which the foregoing experiments deal, it is dear 
that the reaction is distinct from the predpitation of pneumo- 
coccus C substance and of certain of the streptococcus antigens. 
It is, of course, possible that the phenomenon observed does not 
represent an antigen-antibody reaction. 

Whatever its nature may prove to be, as a working h>'pothesis 
this predpitinogen may be considered either a primar>’ or secondary 
antigen. Its absence in sera taken during phase I and its late appear- 
ance in phase II would seem to be against its direct bacterial origin, 
although this cannot be excluded. Another possibility is a secondary 
antigen such as the predpitinogen described by Hughes in yellow 
fever (12). It has been shov.m (13, 3) that in rheumatic subjects who 
develop acute rheumatism, the appearance of drculating antibodies 
to hemolytic streptococcus is characteristically late. During this 
delay streptococcal products arc presumably free to react with human 
tissue constituents. Such an interaction might result in the pre- 
cipitinogen with which we arc dealing. 


SUMMARY 

1. A predpitin reaction occurs between sera taken just before and 
shortly after the onset of acute rheumatism. 

2. It recurs with repeated rheumatic cycles. 

.1. Ccrt.ain properties of the predpitinogen and the predpitin are 
described. 


The authors arc indebted to Dr. Kenneth Goodner for his sug- 
gisti<urs. 
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INTRODUCTION 

A knowledge of the extent to which the various tissues of the body 
participate in the acquired resistance which develops during the course 
of syphilitic infection is essential to our understanding of the mecha- 
nism of the syphilis-resistant state. It is well known that the specific 
resistance which develops in rabbits that have been infected wdth 
syphilis is not a property of any one tissue of the host but is shared 
by other tissues as well, although to a variable extent. Thus the skin 
certainly acquires a fairly high degree of resistance to sj'philitic in- 
fection and so also the bones (1). In the case of the eye, however, 
the situation appears to be different, but the c\ddencc on this point 
is conflicting and has given rise to some confusion. In this connection 
three fund.amcntal questions present themselves. First, to what 
extent docs the eye participate in the general resistance which de- 
velops during the course of syphilitic infection; second, will a primarj' 
forus of syjihilitic infection in the eye give rise to a general resistance 
to the infection such as develops when the primary focus is located 
in other tisnjvs; and third, docs an ocular syphilitic lesion produce a 
local inmninity to syjihilis in the affected eye? The experiments 
lejA-.uled in this communication were designed to throw light on the 
first of these questions; we hope to present data on the other two in a 
!uh'r!}urnt communication. 



tr j in pnrt by a fm-.r.t fmm th.c Winthrep Chemical 
('- r'p'.av, IVi; n ir. Mri rir.-. 
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Several investigators have interested themselves in the general 
problem of the relation of the eye to immunity in syphilis, and have 
approached it from the experimental standpoint, but as yet there is 
no unanimity in the results which have been reported. In any 
evaluation of experiments dealing with immunity in sypliilis it is 
necessary to take into account certain factors such as the duration 
of the infection at the time the second inoculation is made, whether 
or not treatment has been given prior to reinoculation, whether or not 
the virus used for the second inoculation belongs to the same strain 
or to a different strain of treponemes, and, finally, the method of 
reinoculation. Unless due allowance is made for all of these factors 
erroneous interpretations may easily be made, and it may be profit- 
able, therefore, to consider these factors in some detail before pre- 
senting our experimental data. 

The duration of the first infection at the time the second inoculation 
is carried out is important because it has a distinct bearing upon the 
response of the animal to the second infection. It is now well es- 
tablished that an appreciable amount of time must elapse before the 
host acquires an effective resistance against syphilitic infection.. In 
the rabbit the time required is somewhere between 45 and 90 days 
following infection. Second inoculations of syphilitic rabbits with 
homologous strains of Treponema pallidim, carried out prior to the 
45th day of the infection, are followed by second infections witli 
lesions, while second inoculations made after the 90th day are not 
followed by second infections with lesions. It is evident, therefore, 
that at some time between the 45th and the 90th day of the infection 
the acquired resistance of the syphilitic rabbit reaches the level where 
it protects the animal against a second attack of the disease; it follows 
from this fact that reinoculation experiments designed to test the 
acquired immunity of any tissue of the rabbit should not be carried 
out until after the 90th day of the infection. If they are performed 
before that time they are of no value for that particular purpose. 

The question whether or not the animal has been treated prior to 
the second inoculation, and the time at whicli such treatment was 
instituted, has also to be taken into consideration because it has been 
well established that treatment of the rabbit with arsphenamine prior 
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to the 45 th day of the infection leaves the animal completely sus- 
ceptible to a second infection, whereas if treatment is postponed until 
after the 90th day the resistance which has been built up during the 
preceding period is not abolished by treatment but persists for some 
time thereafter and is sufficient to protect the animal against a second 
attack of the disease. It is clear from this fact that reinoculation 
experiments carried out on rabbits treated before the 90th day of the 
disease cannot be taken into consideration in determining whether or 
not particular tissues of those animals, such as the cornea, are re- 
fractory to a second inoculation of sj^ihilitic virus. Attention can 
only be paid to those reinoculation experiments in which treatment is 
begun after the 90th day of the infection. 

The identity of the strain used for the second inoculation must also 
be taken into consideration in evaluating all experiments dealing with 
immunity in syphilis because it has been demonstrated that the re- 
sistance which is acquired by rabbits during the course of a sj'philitic 
infection is largely effective against the homologous strain of T. 
pallidum and not against heterologous strains of that organism. 
Accordingly, all experiments in which heterologous strains are used 
for reinoculation must be excluded if one is seeking to determine the 
participation of this or that particular tissue in the immune reaction 
of the rabbit. 


Since in this instance we arc seeking to ascertain the results ob- 
t.aincd with a particular method of reinoculation (intraocular), ob- 
viously, for the sake of comparison, we need consider only those 
reinoculation experiments in whidi that particular method has beer 
employed. The c.xpcriments of tliat sort which have been rcportcc 
in the literature have been analyzed by us, keeping in mind the point- 
mentioned previously, namely, time of reinoculation, time of treat 
ment, and identity of the strain used for reinoculation. On the basi: 


of what is known about immunity in syphilis, as set forth above, W( 
felt impclkd to exclude from consideration all those e.xperimcnts ir 
vhidi rcinoaib.tion was performed before the 90th dav of the in 


fection. .as well as tho-e in which the strain of syphilitic virus use 
for K inoculation was different from the one used for the first inocul 
tion. Wh.cn th.e ex]'>r!imcnts de.aling with the intraocular reinocul 
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tion of syphilitic rabbits that have been reported in the literature were 
subjected to such criteria, some of them had to be rejected. Those 
that met the criteria satisfactorily are summarized in Tables I and II. 

TABLE I 

Summary of Results of Ocular Reinociilalion of Untreated Syphilitic Rabbits Carried 
Out 90 Days or More after the First Inoculation 
First inoculation scrotal or testicular, second inoculation ocular. 


Author 

Interval between 1st 
and 2nd inoculation 

Results of 2nd inoculation 

Positive 

Positive 

Doubtful 

Negative 






per cent 

Frei (2) 

yrs. 

4 

— 

22 

15.4 

Adachi (3) 

95-361 days 

9 

2 

15 

34.6 

Frei and Hahn (4) 

3i mos.-2 yrs. 

I 5 

1 ^ 

7 

35.7 

Breinl (5) 

5 mos. 

1 — 

' — 

S 

0 

Total 

18 

4 

49 

36 


TABLE II 

Summary of Results of Ocular Rcinoculation of Syphilitic Rabbits Given Anti- 
syphilitic Treatment 90 Days or More after the First Inoculation 
First inoculation scrotal or testicular, second inoculation ocular. 


Author 

Interval between 1st 

Results of 2nd inoculation 

Positive 

treatment 

Positive 




Tomasezewski (6) 

90-105 days 

5 

. 


per cent 

71 

Uhlenhuth and Mulzer (7) 

119 days 

— 

— 


0 

Frei (2) 

7 mos.-2i yrs. 

3 

— 

20 

13 

Adachi (3) 

120-363 days 

0 

2 


0 

Mulzer and Nothhaas (8) 

105-271 days 

6 

— 


54 

Gaibissi (9) 

5-13 mos. 

8 

1 


61 

Total 


22 

3 

40 

55 


It is e\ddent from the data presented in these tables that there is 
no unanimity in the results obtained by the different investigators. 
Nor is it clear from the protocols of their experiments why there should 
be such differences as appear in the tables. Because of the variations 
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in the results obtained by other workers we have thought it advisable 
to carry out some experiments along the same lines under standard 
conditions and with a single strain of T. pallidum that has become well 
adapted to the rabbit through propagation in that species over a 
period of years. The purpose of this communication is to present 
the results of those experiments.* 


Technique 


Inoculum— Thu Nichols strain of T. pallidum was used in all experiments, both 
for primary inoculations and for reinoculations. Virus emulsions in physiological 
salt solution, prepared by grinding syphilitic testicular lesions in a mortar and 
centrifuging the emulsion to throw down the larger tissue particles constituted the 
inoculum in cvcr>’ instance. 

Treatment . — .Ml test animals were given 5 intravenous injections of arsphena- 
minc. Each dose was 20 mg. per kg., and the drug was given at inter\'als of one 
week. Treatment was begun from 163 to 217 days after the first infection. 

Intracorneal Inoculation . — Under ether anesthesia, an eye speculum was 
placed beneath the lids and nictitating membrane, and the cpisclera was grasped 
above with fixation forceps. Using a No. 26 gauge needle and a tuberculin sjTingc, 
the needle was thrust between the lamellae of the cornea until the bevel was fully 
in llic corneal parenchyma, and an intracorneal injection of 0.1 cc. of thevurus was 
made, care being taken not to enter the anterior chamber. The injected material 
spread out ns an opaque film between the layers of the cornea and covered as a 
rule about two-thirds of that structure. Occasionally, there was cither some 
tearing of the conjunctiva with deposition of the virus on the tom surface, oi 
accidental puncture of the anterior chamber, with deposition of the virus in th( 
anterior chamber. 

The eyes of the animals were examined twice weekly for the first 6 months, anc 
once weekly thereafter, and the reactions occurring were carefully noted. Ii 
recording the severity of the reactions a numerical system was used. The degrei 
of cili.ary inflammation, of corneal reaction, and of the inflammatory reaction ii 
the iri^ s\trc r.nch given a numerical rating. The extreme reactions were noted a: 
•1, and the Ic's extenrive reactions given a correspondingly smaller number. Thi 
tfit.al reaction in the eye was recorded as the sum of the individual reactions. I) 
none t.f the animals vere re.action*. in the vitreous, orbit or fundus noted. 


Cnt.v.r.-'US It:o.-u:r.;ic-..-~M\ injections to tc't the susceptibility of the skin wer 
made by intracut-attrou^ inorulations in shaved areas on the back, of 0.1 cc. of th 
Virv.' emul'ii'n. 


' In cr.iryir.g out the exjrrimrnts we were E";* 
Pr. jo-eph (V.o.br,.-.n. and Pr. Walter Eeckh, a; 
ir.d.rV'r.'.r.e*' to them. 


ted by Dr. Alexa.nder H. Davi; 
r.'l we wi-h to acknowle-dgc ou 
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Animals— The rabbits used belonged to all the commoner breeds, and were not 
limited to any particular variety. 

EXPERIMENTS 

Experiment 1 . — 12 rabbits were inoculated intracutaneously on the back with 
active syphilitic virus and in all of them characteristic lesions developed at the 
site of inoculation. Treatment was begun 163 days after the inoculation. Second 
inoculations were carried out on the surviving 11 animals 337 days after the first 
inoculation, or 143 days after the last dose of arsphenamine. Into the left cornea 
of each of these animals was injected 0.1 cc. of active syphilitic virus emulsion, and 
into the fight cornea an equal amount of an emulsion prepared from a normal 
rabbit testis. 12 normal rabbits ■were inoculated intracorneally with the same 
syphilitic virus in the left eye and with the same normal rabbit testis emulsion in 
the right eye. Of these, two died prematurely so tliat only 10 remained for 
comparison with the test animals. The results of the experiment are shown in 
Table III. 

It will be seen from Table III that in the corneas of 9 of the 10 
normal animals inoculated with S 5 ^hilitic virus characteristic syphi- 
litic lesions developed within the customary incubation period. In 
6 of the 11 “immune” animals characteristic syphilitic lesions made 
their appearance in the eye inoculated with living virus. In none of 
the eyes inoculated with the normal testicular emulsion did any 
lesions develop other than an immediate reaction whicli promptly 
subsided. 

The average incubation period of the lesions developing in the 
“immune” group was slightly greater than that of the control group, 
but once they had made their appearance the lesions in the eyes of 
the supposedly immune animals persisted for a longer time, and 
showed a marked tendency toward recurrence. 

The character of the corneal lesions which developed after tlic 
intracorneal injection of syphilitic virus was essentially the same in 
both the normal and in the “immune” rabbits. There was usually 
first a faint superficial vascular invasion coming in from the limbus 
(Fig. 1). -In some rabbits this quickly disappeared, while in others 
it persisted and became part of the general ocular picture. After an 
incubation period of varying length, the keratitis as a rule took one 
of four courses. The first type observ'ed consisted of an increase in 
the superficial vascular invasion (Fig. 2), quickly followed by definite 
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infiltration of the cornea (Figs. 3 and 4). The early infiltrates in the 
cornea frequently had no relation to the actual site of injection. At 
times they appeared 3 to 4 mm. away from the site of injection, while 

TABLE m 

Reinoculalion of Eyes of Treated Syphilitic Rabbits 
First inoculation intracutaneous, second inoculation intracorneal. Treatment 
begun 163 days after first inoculation. Second inoculation 143 days after com- 
pletion of treatment. 
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The picture gradually progressed to a typical generalized interstitial 
keratitis— ciliary congestion and hazy infiltrated cornea, becoming 
almost opaque, associated with vascular invasion of the cornea, both 
deep and superficial (Fig. 5). There was frequently an associated 
iritis, with contraction of the pupil, marked dilatation of the iridic 
vessels, and occasionally a transitory hypopyon (Fig. 6). The iritis 
was usually evanescent and recurring in character, the attack rarely 
persisting over one week. This type of reaction represented approx- 
imately 40 per cent of the ocular lesions of both normal and immune 
animals. 

The second type of lesion consisted of a yellowish, elevated nodule 
appearing usually at the limbus (Fig. 7). Following the appearance 
of this nodule, diffuse infiltration developed in the adjacent cornea and 
within 2 weeks the picture was one of generalized interstitial keratitis, 
the lesion apparently spreading out from the primary corneal nodule 
(Fig. 8). With the exception of the nodule, the final picture was 
similar to the keratitis in the first type of reaction, the general picture 
consisting of the yellowish, elevated nodule at the limbus together 
with ciliary congestion, hazy, infiltrated, steamy cornea, and fre- 
quent short attacks of iritis — similar to those already noted. Ap- 
proximately 50 per cent of the rabbits exhibited this type of ocular 
reaction. 

The third type of lesion was similar to the second, with the excep- 
tion that the yellowish, elevated papule was situated in the center 
of the cornea. There was associated ciliary congestion and a rapid 
spread of the keratitis until over two-thirds of the cornea was involved 
(Fig. 9). As this central type of lesion progressed, there was some 
weakening of the central cornea with the formation of a low grade 
corneal staphyloma, which flattened out as the lesion subsided. This 
type of reaction was observed in 4, or approximately 7 per cent, of 
the rabbits injected. 

The last type of reaction likewise occurred in the center of the 
cornea and consisted of a gradually developing deep central haze. 

In one rabbit this had the appearance of a deep punctate keratitis, 
while in 2 others the central infiltration was uniform. There was a re- 
markable absence of both ciliaiy' congestion and corneal vasculari- 
zation. This peculiar avascular reaction was observed in 2 normal 
animals and one immune animal. 
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In two rabbits, in which the anterior chamber was accidentally- 
punctured, the low grade iritis was complicated by the appearance of 
small whitish nodules at the pupillary border, similar in appearance 
to the syphilitic papules occasionally observed clinically in syphilitic 
iritis. 

The only ocular complication of any note observed was the develop- 
ment of glaucoma with buphthalmos in 4 rabbits. This was in no 
way different from the glaucoma and buphthalmos occasionally 
observ'cd in non-syphilitic experimental ocular lesions in the rabbit, 
and its possible relation to syphilis has already been discussed in a 
report by Beckh (10) . 

The course of the lesions in the two groups was essentially the same, 
except that in the immune group the lesions tended to recur more 
often than in the normal group. The high percentage of successful 
second inoculations encountered in the corneas of supposedly' immune 
animals led us to carry out another experiment along similar lines 
except that in this experiment rcinoculations were made simultane- 
ously into one cornea and the skin of the back of each of the test 
animals. These intracutancous inoculations were added in order 
to determine whether or not the test animals were “immune” to 
syphilis as judged by direct inoculation into the skin. The details 
of the experiment follow. 

liil’eritr.er.l 2 . — A fcries o( 25 rabbits was inoculated intratcsticularly with 
active syphilitic virus. In all of them characteristic orchitis developed. .All were 
treated with arsphcnaminc, treatment being commenced 170 days after the first 
inoaibtion. Of this scries 14 animals sur\-ivcd and were available for rcinocula- 
tion which was carried out 344 days after the first inoculation and 140 days after 
treatment w.as completed. Rcinoculations were made by inoculating 0.1 cc. of 
virus emuhion into one cornea and a like amount intracutaneously in a shaved 
r.Tr.a in the lumbar region. For controls 16 no.inal animals were inoculated in the 
»,'.me way with the ramc virus. Of those, 15 sur\-ivcd. The results of this experi- 
ment are shown in T.ab!c IV. 


As will be seen from the l.-iblc, all of the test animals were refractory’ 
to .1 second inocul.ation of homologous virus inoculated into the slun 
but in 9 of them syphilitic lesions developed in the cornea after an 
incub.ation periml which w.is twice as long as that of the corneal 
Icshms i;v xhc normal animals. The cornc.al le.dons developing in the 
tr - 1 r.nim.ab in this < spvrim.cnt were of shorter duration, on an average. 



172 


RELATION OF EYE TO IMMUNITY IN SYPHILIS 


TABLE IV 

SiviuUaneoiis Reinoculation of Eyes and Skin of Treated Syphilitic Rabbits 
First inoculation intratesticular, second inoculation intracorneal and intra- 
cutaneous. Treatment 170 days after first inoculation. Reinoculation 140 days 
after completion of treatment. 



Rabbit 

No. 

Result of 
reinoculation 

Incubation 

period 

Maxi- 
mum 
inten- 
sity of 
eye 
lesion 

Dura- 
tion of 
eye 
lesion 

Recur- 
rence 
of eye 
lesion 

Occur- 
rence 0 
meta- 
static 
eye 

lesions 

Tot.al 
period of 
observa- 
tion 

Eye 

Skin 

Eye 

Skin 





days 

days 


mos. 



mos. 

Immune 

43-09 

Pos. 

Ncg. 

28 

0 

7 

4§ 

1 

0 

134 

group 

43-28 

<C 

II 

33 

0 

4 

12 

0 

0 

134 


43-13 


II 

156 

0 

2| 

1? 

0 

0 

134 


43-17 

C( 

II 

124 

0 

1-J 

K 

2 

0 

134 


43-24 

l( 

4« 

180 

0 

3 


1 

0 

134 


43-34 

C( 

II 

33 

0 

7 

11 

0 

0 

134 


43-3S 

II 

II 

144 

0 


1 

0 

0 

13j 


43-27 

II 

<1 

151 

0 


? 

0 

0 

5 


43-4S 

tt 

II 

180 

0 

4^ 


1 

0 

134 


43-16 

Ncg. 

11 

0 

0 

0 

0 

0 

1 

10 


43-18 

11 


0 

0 

0 

0 

0 

0 

134 


43-20 

II 

<1 

0 

0 

0 

0 

0 

0 

34 


43-25 

14 

II 

0 

0 

0 

0 

0 

0 

11 


43-21 

II 

II 

0 

0 

0 

0 

0 

0 

134 

Control 

45-64 

Pos. 

Pos. 

45 

21 

3 

li 

1 

0 

10 

group 

45-65 

II 

11 

28 

21 

7 

74 

0 

0 



45-67 

It 

14 

187 

13 

1 

H 

0 

1 

i2i 


45-68 

II 

II 

28 

21 

7 

74 

0 

0 

12f 


45-70 

II 

II 

36 

13 

4 

11 

1 

0 

12i 


45-71 

II 

II 

41 

13 

6 

9 

0 

0 

12j 


45-72 

II 

11 

73 

13 

3 

9 

0 

0 

12i 


45-73 

II 

II 

14 

28 

6 

9 

0 

0 



45-74 

II 

II 

34 

28 

2 

8 

0 

0 

8 


45-76 

II 

II 

48 

13 

5 


2 

0 

I2j 


45-77 

II 

II 

34 

21 

7 

74 

0 

0 

12j 


45-78 

II 

If 

28 

21 

5 

74 

1 

0 

12f 


45-80 

If 

f| 

152 

13 

2 

4 

0 

0 

12J 


45-36 

II 

II 

152 

21 

*2 

6 

0 

0 

125 


45-66 

II 

If 

34 

21 

5 

8 

0 

0 

122 





Sii 

nunary 






Immune 

14 ani- 

9 pos. 

0 pos. 

114 avc. 

0 

3.7 

4 

5 

1 

]2 ave. 

group 

mals 

5 ncg. 

14 neg. 








Control 

IS ani- 

IS pos. 

15 pos. 

62 avc. 

17.6 avc. 


6i 

5 

1 

12 ave. 

group 

mals 

0 ncg. 

0 neg. 

• 








than those which developed in the control animals, although a few 
were of longer duration. 
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This experiment reveals clearly the difference in the extent to which 
the two tissues, cornea and skin, share in the refractory state which 
develops in rabbits during the course of sj'philitic infection, when the 
test is made by reinoculating treated animals simultaneously in both 
the cornea and the skin. Under the drcumstances the cornea is 
clearly less refractory than the skin and must be assumed, therefore, 
to share to a lesser extent in the immune process. 

In some of the experiments recorded in the literature the reinocula- 
tions have been made into the anterior chamber instead of the cornea. 
In an experiment carried out by one of us in association with Turner, 
which has never been reported in full but has been referred to else- 
where (11), 4 treated “immune” rabbits reinoculated with homologous 
virus by injection into the anterior chamber failed to show any lesions 
in the eyes. This result made it seem advisable to carry out a similar 
experiment on a larger scale in order to determine if the method of 
ocular inoculation might play a role in the occurrence or non-occur- 
rence of lesions in the “immune” animals. Accordingly in a third 
experiment this question was put to the test. 

Experiment 3 . — A series of 20 rabbits v\-as inoculated intratcsticularly with 
.vetive syphilitic virus. In all of them characteristic orchitis developed. /Ml 
were treated with arsphenamine, treatment being commenced 217 days after the 
first inocuhtion. Of this series 18 animals survived. These were reinoculated 
into the anterior chamber 303 days after the first infection and 1-16 days after the 
hit dose of arsphenamine was administered. The aqueous was removed with a 
hyiXKlcrmic syringe under ether anesthesia and then repbeed by 0.1 cc. of the 
virus emulsion, the needle being left in place and the syringes shifted. The results 
of this experiment are shown in Table V. 


As will be seen from Tabic V, lesions developed in the eye in 15 of 
the 18 normal animals and in 12 of the 18 test animals. The average 
incub.ntion period of the lesions in the supposedly immune animals 
was about three times ns n-rcat as that of the lesions in the control 
animals, while the duration of the lesions in the test animals was 
dbtinctly less than that in the controls. It is evident from this 
cx]>rrimi'nt that the reiistancc of th.c supposedly immune animals to 
a sreond inoculation of homologous virus introduced into the anterior 
chamber w.m lackim: in a very high projwrtion of the animals. 



TABLE V 


Reinoculation of Anterior Chamber of Treated Syphilitic Rabbits 
First inoculation intratesticular, second inoculation into anterior chamber. 
Treatment begun 217 days after inoculation. Second inoculation 112 days after 
completion of treatment. 



Rabbit 

No. 

Occurrence 
of eye lesion 

Incubation 

period 

Maxi- 
mum 
intensity 
of eye 
lesion 

Duration 
of eye 
lesion 

Recur- 
rence ol 
eye 
lesion 

Occur- 
rence o( 
meta- 
static 
eye 

lesions 

Total 
period of 
of obser- 
vation 




days 


mos. 



mw. 

Immune 

45-53 

Neg. 

— 

— 

— 

— 

— 

12 

group 

45-88 

Pos. 

76 

5 

3J 

0 

0 

12 


45-89 

(t 

97 

4 


0 

0 

12 


45-92 

tt 

90 

5 

2J 

0 

0 

12 


45-96 

t( 

53 

8 

2 

1 

0 

12 


46-10 

Neg. 

— 

— 

— 

0 

0 

12 


46-11 

tt 

— 

— 

— 

0 

0 

12 


46-13 

tt 

— 

— 

— 

0 

0 

12 


46-14 

Pos. 

76 

3 


0 

0 

12 


46-16 

tt 

61 

5 

H 

1 

0 

12 


46-17 

Neg. 

— 

— 

— 

0 

0 

12 


46-18 

tt 

— 

— 

— 

0 

0 

12 


46-19 

Pos. 

39 

5 

2 

1 

0 

12 


46-21 


97 

6 

IJ 

0 

0 

12 


46-22 

it 

132 

3 


0 

0 

12 


46-23 

tt 

41 

7 

3 

0 

0 

12 


46-24 

tt 

53 

5 

2i 

0 

0 

12 


46-25 

« 

53 

4 

2J 

1 

0 

12 

Control 

48-70 


26 

6 

3} 

0 

0 

12 

group 

48-69 


27 


3i 

0 

0 

12 


48-23 

Neg. 

— 


— 

— 


7 


48-71 


21 

6 

4i 

0 

0 

12 


48-72 


19 

7 

4§ 

0 

0 

12 


48-73 


19 

6 

3} 

0 

0 

12 


48-74 


19 

5 

3i 

1 

0 

12 


48-32 


19 

3 

2i 

0 

0 

12 


48-33 

Neg. 

— 

— 

— 

— 


12 


48-11 

19 

9 


0 

0 

12 


48-35 


27 

4 

3 

0 

0 

12 


48-36 


41 

3 

2i 

1 

0 

12 


48-37 


32 

5 

4 

0 

0 

12 


48-38 


19 

5 

4i 

0 

0 

12 


48-39 


27 

8 

4 

0 

0 

10 


48-42 

Neg. 

— - 

— 

— 



IZ 


48-45 

34 

4 

4 

0 

0 

12 


48-40 


27 

2 

3i 

1 

0 

12 


Su^lm.^ry 


Immune 

18 

12 pos. 

72 avc. 

5 

2 ave. 

4 

0 


group 

ani- 

6 neg. 








mals 








Control 

18 

15 pos. 

25 ave. 

5.2 

3l avc. 

3 

0 


group 

ani- 

3 neg. 




1 


i 


mals 

1 








174 










A. M. CHESNEY, A. C. WOODS, AND A. D. CAMPBELL 


DISCUSSION 


These experiments demonstrate that in the rabbit the cornea does 
not share to the same extent that other tissues, notably the skin, 
share in the acquired resistance which develops during the course of 
sjqjhilitic infection. In some of the animals the cornea seems to 
achieve complete protection against homologous strains of T . pallidum 
but in the majority of cases it does not do so, although a considerable 
lengthening of the incubation period was observed in most of the 
“immune” animals in which a lesion developed in the cornea following 
rcinoculalion. This prolongation of the incubation period is doubt- 
less the expression of a slight amount of resistance which the cornea 
acquired, but it must represent a small amount indeed. 

In both the normal and the “immune” groups immediate reactions 
were obser\’cd at the site of inoculation, due to the injection of for- 
eign material, but these immediate reactions in the test animals were 
not more Nnolent than those occurring in the control animals, nor was 
any tendency to accelerated reaction observed in the test group. 
There is no evidence in these c.xperiments, therefore, to indicate that 
the corneas of the “immune” rabbits were allergic to syphilitic ^^rus. 

The results of these experiments offer a possible explanation for 
the well established clinical observation that the interstitial keratitis 
of congenital syphilis is prone to recur in patients with that condition. 
On the basis of the behavior of rabbits one might infer that this 
tendency to recur is due to failure of the cornea of the patient with 


congenital syphilis to participate in the general defense reaction against 
the infection. Such an inference would suffice to e.xplain the tendency 
of such patients to show repeated relapses of interstitial keratitis, 
but would not explain the fact that this condition is singularly re- 
sist.-int to anti.‘;yphilitic treatment. Some ophthalmologists, notably 
Igcrfhcimcr and Derby, have sought to explain the proncncssof intcr- 
ftitial keratitis to relapse on the basis of allcrgx-, and have supposed 
th.at the cornc.as of such patients become allergic to the treponcmes 
or their products. The experiment.s reported in this communication 


Irnd no support to this view, rurthermore attempts made bv us to 
srmiti.'f th.c corneas of nomral rabbits to T. t-aUidum by the prelim- 
inary injfction of killed suspensions of th.ai organ.ism were cntirtlv 
fruith-, and .actively motile spneim.-r.s of T. f.HiJun could be 
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demonstrated in the macerated corneas of the test animals in which 
lesions developed. There is therefore no need and indeed no ground 
for invoking a state of allergy to explain the findings in rabbits. It 
is possible, of course, that the situation may be quite different in man, 
and that the human cornea under certain conditions may become 
allergic to the treponemes of S3q)hilis or their products, but there is 
no direct evidence that such is the case, and it is certainly not neces- 
sary to assume that interstitial keratitis is due to anything other 
than the invasion of a susceptible tissue by the organisms themselves. 
That the treponemes may invade the cornea in cases of congenital 
syphilis has been proved in one case by Igersheimer who succeeded 
in demonstrating them in the cornea of a 14 year old girl with congen- 
ital syphilis. It is obvious that there is not likely to be a large enough 
series of such observations to give us an inkling as to whetlier such a 
result is the exception or the rule. 

We are not in a position to offer a satisfactory explanation as to 
why the cornea of the S3^philitic rabbit should be so much less re- 
fractory to a second inoculation of syphilitic virus than other tissues 
such as the skin, for example. One instantly thinks of the absence 
of a blood supply as a possible explanation for the failure to share in 
the general resistant state. It may well be that owing to this absence 
of a blood supply the corneal cells either do not receive an antigenic 
stimulus which is sufficient to cause them to become immune them- 
selves, or that they do not receive from the circulation enough of 
the hypothetical syphilis antibody to endow them with resistance to 
syphilitic virus, but it is not possible at the present time to say which 
of these two explanations is the correct one, and it will be necessary 
to accumulate more data before we shall be in a position to judge 
between them. 


SUMMARY AND CONCLUSIONS 

Three experiments are reported in which an attempt has been made 
to determine the extent to which the eye participates in the general 
resistance which develops in rabbits during the course of syphilitic 
infection. Rabbits treated with arsphenamine well after the pcnod 
■when they would be expected to be immune to intratesticular or 
intracutaneous inoculations were reinoculated with the homologous 
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rain of T. pallidum, the organisms being injected into either the 
mea itself or the anterior chamber. Altogether in the three ex- 
iriments 43 presumably immune animals were injected, 25 into the 
imea itself and 18 into the anterior chamber. 41 normal animals 
ere used as controls. In the immune animals 27 or 62 per cent 
lowed lesions in the cornea. 14 of the 43 test animals were inocu- 
ted simultaneously in the cornea and in the skin of the back. In 
of these 14, lesions developed in the cornea although no lesions de- 
sloped in the skin. 

The lesions developing in the corneas of the “immune” animals had 
longer incubation period on the average, were often of longer dura- 
on, and in some instances were more severe than the lesions develop- 
ig in the control animals. In the case of some animals, also, they 
bowed a greater tendency to recur. The immediate reactions in 
oth the normal and the “immune” animals were entirely comparable 
nd there was no e-vidence of an accelerated reaction in the test 
nimals. 

It is concluded that the eye of the syphilitic rabbit does not share 
.0 the same extent as other tissues in the general resistant state which 
levelops in that animal during the course of syphilitic infection. 
Possible explanations for this finding are discussed. 
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EXPLANATION OF PLATES 

These figures are designed to be viewed with the standard Bausch and Lomb 
hand stereoscope. 

‘ Plate 9 

Fig. 1. Initial vascular invasion of the cornea from superficial conjunctival 
vessels. 

Fig. 2. More marked vascular invasion of the cornea. 

Fig. 3. Early infiltration of the cornea. 

Fig. 4. More advanced infiltration of the cornea. 





Plate 10 


Fig. 5. Earlj' interstitial inflammation of the cornea. 

Fig. 6. Advanced interstitial keratitis with iritis. 

Fig. 7. Initial syphilitic nodule at the limbus. 

*Fig. 8. Keratitis spreading out from the primary corneal nodule. 
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PLATE 10 



Plate 11 


Fig. 9. Advanced interstitial keratitis with iritis. 

Fig. 10. Central corneal infiltration without vascularization. 
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A VIRUS DISEASE OF CATS, PRINCIPALLY CHARACTER- 
IZED BY ALEUCOCYTOSIS, ENTERIC LESIONS AND 
THE PRESENCE OF INTRANUCLEAR 
INCLUSION BODIES 

WILLIAM D. HAMMON,* M.D., and JOHN F. ENDERS, Ph.D. 

{From ihe Department of Bacteriology and Immunology, The Harvard Medical 

School, Boston) 

Plate 18 

(Received for publication, August 22, 1938) 

During the fall of 1937 an epizootic disease broke out among our 
laboratory stock of kittens. The signs presented were practically 
limited to anorexia, weakness and occasional vomiting. The out- 
standing clinical findings were an elevation of temperature and a ful- 
minating, early leucopenia which not infrequently progressed to the 
point where no leucocytes remained in the circulating blood. In the 
majority of animals death usually occurred from the 2nd to the 4th 
day after the appearance of outward signs of illness. In most cases 
at autopsy there was little of note except a slight or moderate conges- 
tion of portions of the small intestine and a very soft, almost fluid 
marrow in the femur. The salient features upon microscopic exami- 
nation of sections were a non-inflammatory lesion of the intestine with 
conspicuous intranuclear inclusion bodies in the cells of the mucosa, a 
marked aplasia of all or most of the cellular elements of the bone mar- 
row, and lesions in the spleen and l>Tnph nodes in which certain mono- 
nuclear cells containing intranuclear inclusion bodies were observed. 
No single bacterial spades could be cultivated with regularity from 
these kittens. Our experience with older animals was limited, but 
when the infection did occur among them it appeared to present the 
same general aspects with occasionally certain modifications which 
will be subsequently described. 

* This work was carried out during the term of a fellowship granted by The 
Rockefeller Foundation for study at The Harvard School of Public Health. 
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The clinical and pathological findings were so constant and so 
striking that a systematic attempt was undertaken to study the 
disease. 

The literature dealing witli epizootic diseases of cats contains frequent reference 
to “distemper,” a term wliicli has been applied to nearly all feline infections of a 
highly contagious nature. This so called distemper has been often described as 
protean in its manifestations. In recent years there has been a tendency on the 
part of a few observers to appty the term distemper of cats to an infection which 
is predominantly respiratory in nature and to designate as “infectious enteritis” 
a disease witli marked gastro-intestinal symptoms and lesions. 

Verge and Cristoforoni (1) described a gastro-enteritis of cats which tlic}' 
believe they were able to transmit to other cats by a filtrate of organs from the 
infected animal. Hindle and Findlay (2, 3) isolated a variety of bacteria from a 
disease of cats with gastro-intestinal symptoms which they called distemper. 
These organisms failed to reproduce the disease upon injection, but the typical 
infection followed injection with filtrates of nasal washings or suspensions of 
various organs. Urbain (4) stated that he was able to transmit a gastro-intestinal 
infection of cats by the inoculation of filtrates. Leasure, Lienhardt and Taberner 
(5) also describe a similar disease which they believe they passed bj' means of 
filtrates. Balling (6) in a paper entitled “Distemper of the cat” described an 
enteric infection which was transmissible by filtrates. He concluded despite the 
title of his paper that the disease with whicli he worked is an entity distinct from 
the disease or group of diseases in which respiratory symptoms predominate. In 
discussing Balling’s paper, Findla)' (6) asserted tliat all these fatal epizootics of 
cats commonly called distemper are due to a single virus and that tlie variations 
encountered in the S3^mptomatology and pathology are to be attributed to difter- 
ences in the type of secondary invaders. Gray (6) in his discussion of the same 
paper stated that “infectious enteritis is a disease clinically diametricall}' opposite 
to distemper.” 

While the work to be reported was being terminated a note by Lawrence and 
Syverton (7) appeared wherein they described a spontaneous, infectious “agranu- 
locytosis” in the cat, which as nearly as we can judge from their published data is 
probably identical with tlie disease which we have investigated. 

The obvious • confusion in respect to etiology and classification 
appears to depend in our opinion upon the fact that no pathological 
characteristics have been described by which the condition or condi- 
tions may be securely recognized or differentiated. In the disease 
which we have encountered the changes briefly noted above, and 
which will be subsequently described in detail, furnish we believe, 
adequate criteria by which this particular infection may be identified. 
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Clinical Course 

The entire fliniral course of the disease has been studied systemati- 
cally in the case of 10 cats, whereas in 21 others the disease was 
identified by at least one leucocyte coimt in addition to post mortem 
findings. In 19 other animals the diagnosis was made solely on gross 
and histological post mortem evidence. 

A high mortality has been observed among those animals in which 
definite signs of ilLaess become apparent. Thus among a series of 12 
cats exhibiting all the criteria by which the disease may be recognized 
during life 2 only recovered. Of the 10 which died,i the autopsy find- 
ings both in the gross and microscopically revealed all the pathological 
changes which we have found to be associated with the disease from 
a study of the 50 cases mentioned above and which include these 12 
animals. This series illustrative of the mortality rate comprises 
relatively few animals, since those which were killed during the acute 
stage and those in which observ’ations on the course of the infection 
made during life were incomplete or lacking, have been excluded. 

Although it is clear that the disease terminates fatally in a large 
percentage of cases when it has been sufficiently severe to produce 
easily recognized sickness in the cat, a few animals which have been 
studied have presented no other indication of illness than a moderate 
leucopenia. We believe these represented true infections which 
would not have been recognized unless routine white blood cell counts 
had been carried out. It is therefore entirely possible that under 
natural conditions many cats may undergo a mild, inapparent in- 
fection. 

Following cither spontaneous infection or the inoculation of infectious material, - 
after a variable incubation period, the animals refuse food and drink, become 
depressed and weak and tend to lie on the bottom of the cage, but they are usually 
responsive, stand, purr and rub up against the side of the cage when approached 
and called or mildly stimulated until 2 or 3 hours before death. Never has any 
excitement been noted. Death is usually rather sudden and unexpected, preceded 
by a few minutes of fibrillaiy twitching, terminating in clonic convulsions in 
those whicli were obscrx'cd closely. Manifest signs of disease usually persist only 

* One of these was killed fn exirmis. 

■ v\ section on the experimental transmission of the disease will be found on 
p.agc 359. 
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2 days before death, whereas moderate leucopenia and sometimes slight elevation 
of temperature, which we will describe in detail, are noted 3 or 4 days previous to 
death. 

Vomiting. — A scant quantity of a bile-tinged, glary, mucoid vomitus was 
usually found in the cage from time to time during the period of acute illness. 

Diarrhea. — Diarrhea was the exception ratlier than the rule, bloody stools 
were never observed, and solid fecal material was regularly found in tlie colon at 
autopsy with one exception. No tests have been made for occult blood. 

Coryza and Conjunctivitis. — ^In a few instances purulent conjunctivitis occurred 
either early or late in the course of the disease and in a slightly larger percentage 
signs of coryza were noted, usually preceding the more acute symptoms. These 
were interpreted as accidental or secondary to the principal disease. 

Temperature. — In our experience the temperature of tlie normal cat has been 
found to range from 101.0° to 102.5°F. Although tliis disease is accompanied by 
an elevation of temperature, the fever is seldom of an extreme degree. Thus in 
every instance but one, in those animals followed clinically, the temperature rose 
above 103°F. sometime during the course of the infection, but only twice was a 
temperature above 105°F. noted and that in each case was below 106°. The 
maximum in tlie majority of instances was between 103.6° and 104.6°F. and 
occurred 1 or 2 days before death, most frequently on the day before death. In 
many instances the temperature rose to 103°F. or above on the day leucopenia was 
first observed, but not infrequently leucopenia was noted 1, and exceptionally 2, 
days prior to the elevation of temperature. In the few animals where the tem- 
perature was taken just prior to death it was found to be subnormal. 

Table I gives a summary of the temperature changes in a group of 
fatal cases, and Tables II, IV and V illustrate the course of the fever 
in 2 fatal cases and in one which recovered. 


White Blood Cells. — Among SO counts of the leucocytes in the blood of 40 cats 
in good health we have encountered only three below 10,000 per c.mm. of blood. 
Of tliese two were 9,000 and 8,900 and the third 5,000. The last in all probability 
represented an error in technique, since counts on each of the following 3 days on 
the same cat were all found to be above 10,000. The average of these SO counts 
was 17,800; the highest being 46,400. These data agree in general with those of 
other investigators (8), one of whom however has recorded one count as low as 
6 , 000 . 

Leucopenia, as we have stated, is a constant characteristic of the disease as 
we have seen it and affords an important diagnostic criterion. Tables I, II, IH, 
IV and V demonstrate this striking diminution of the leucocytes in the circulating 


blood. 

In the great majority of infected cats in which a white blood cell count was 
made on the day of spontaneous death it was below 1,000 per c.mm. of blood and 
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in no case was it above 3,000. In 2 animals no leucocytes of any kind could be 
found on the day prior to death and this undoubtedly would have been more 
frequently observed had not the animal been sacrificed when counts in the neigh- 
borhood of 100 to 300 were encountered. In about one-half of the kittens, follow- 
ing the first significant fall in the leucocyte count there was a temporary or com- 
pensatory rise of from 2,000 to 3,000 ceUs per c.mm., followed by a fall, which from 

TABLE I 


Leucocyte Counts and temperatures in a Group of Cases with Severe Illness 



* Where Iwo observations were recorded on the same 'day, the mean of the two 
has been used in computing the mean of the column. 


then on w.as maintained c.rcept where manifestations of beginning recovery were 
noted (Tables II, IV, V). 

In 5 instances of severe infection followbg inoculation daily differential white 
cell counts were made. In 2 of these animals the total granulocyte count de- 
creased more rapidly than the total lymphocyte count, but in one cat the total 
l.vmphocytc count fell more rapidly than that of the granulocytes. In 2 others the 
normal relative proportion of granulocytes and l.vmphocytes remained more or 
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less constant up to the point where so few cells could be found on a smear that no 
significant count was possible. Table IV contains an example of tliis latter group. 

The large monocytes and basophile cells usually disappeared entirely from the 
circulation during the most severe phase of the leucopenia. 

During tlie course of the illness in fatal cases no abnormally immature cells of 
any of tlie leucocyte series appeared in the circulation. 

Because of the lade of any constant relative increase in lymphocytes 
and the marked reduction in all or nearly all types of leucoc 3 des we 
do not regard the disease as an agranulocytosis as do Lawrence and 
Syverton (7). Nevertheless because of the similarity of tlieir findings 
in respect to the leucopenia wutli tliose reported here, we believe the 
disease which tlie}^ have described to be probably the same as that 
which we have studied. 

Kindle and Findlay (2) made leucoc3fte counts on a number of tlieir cats suffer- 
ing from distemper with enteric symptoms and patliologj'^, and found tliem to show 
inconstant changes of no significance. Accordingly it seems unlikely that this 
disease is the same as that witli which we have been concerned. Verge and Cristo- 
foroni (1), Urbain (4), and Leasure and his coworkers (5) make no statement 
concerning any abnormality in the number of circulating leucocytes. 

The changes in the blood cells of one cat which recovered after a 
serious infection are of considerable interest since riiey give indication 
of the involvement of tlie entire hematopoietic system. Table II 
includes a record of tlie observations wliich were made during the 
course of the disease. 

The disease reached its climax on tlie 6th day after inoculation, with a leuco- 
cyte count of 2,050, and a temperature of 104.7°F. The animal ate nothing, 
appeared weak and was obviously dehj'drated. At this time a large number of 
abnormal, immature cells appeared in tlie blood, many of whicli could not be 
classified, although the greater part of them was probably of the b'mphocytc 
series. Following this, improv'cment was rapid and immature cells of both the 
red and the white cell series appeared. 

Red Blood Cells . — Red blood cell counts were not made as routine, hut those 
which have been carried out in 6 cats all indicated a decrease of approximately 
1,000,000 cells per c.mm., which in the presence of terminal dehydration m.ay 
represent a fall of 2,000,000 or 3,000,000 from the original normal. The count in 
cat 4 which survived (Table II), had fallen just over one million cells at the hciglit 
of the infection, but 7 da3’S later, despite marked signs of regeneration of red cells, 
as indicated 63* the appearance of man3' immature er3'throc3’tes, the count was 
over 2,000,000 less than the original. The findings in tlicse few animals together 
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Vfith the evidence obtained from an examination of the bone marrow^ of all which 
we have studied indicate clearly that there is a suppression of erythropoiesis, in 
addition to a leucopenia. 


TABLE H 

Clinical Record, Cat 4: Age: 6 months. Inoculum: Unfiltered sterile suspen- 
sion of lungs, liver and spleen from cat 1, made from organs which had been 
preserved in glycero-saline for 3 days. Method of inoculation; Given subcuta- 
neously. 
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suggested by the finding of an unusually large number of phagocytic 
cells in the bone marrow, lymph nodes and spleen which have taken 
up many red blood cells, and a definite increase in icterus in the sera 
of two moribund animals compared to that of the sera of several 
normal cats. However no marked increase of pigment has been noted 
in cells of the reticulo-endothelial system. It is planned to determine 
the quantity of blood bilirubin, the percentage of hemoglobin and tlie 
reticulocyte count at intervals throughout the course of the disease. 

Howell-JoUy bodies occur frequently in the normal cat’s red blood cells, but in 
addition we have noted small, highly refractile bodies seen best in fresh unstained 
preparations, or in the counting chamber where tlie cells are laked by acetic acid. 
No marked change in the number of either of these cellular inclusions has been 
noted during the course of this disease. 

Pathology^ 

Autopsies were performed on almost every cat dying from any cause, which 
came into our possession before death, and likewise on a number of cats obtained 
outside the laboratory, dying from various causes. 5 normal kittens of various 
ages were also autopsied and carefully studied. In practically every instance 
sections were made from material fixed in Zenker's solution and stained with 
hematoxylin and eosin or eosin and methylene blue. Tissue sections from at least 
two parts of the intestine, the marrow from the proximal end of the femur, tlie 
spleen and a large mesenteric lymph node located near the ileocecal junction were 
prepared from almost every autopsied cat, which included 49 cases of this disease. 
Occasionally a section of vertebral marrow was substituted for femoral marrow, 
but no essential difference was noted at any age. Besides these organs whicli wc 
learned were specifically affected, a few infected cats were studied more or less 
completely. Thus, with the exception of the brain, only one of which was ex- 
amined microscopically, the following organs were studied: salivary glands, 
esophagus, stomach, all levels of the intestinal tract, the lungs, heart, suprarenals, 
kidney, liver, bladder and pancreas. 

It should be particularly emphasized that many of the infected animals coming 
to autopsy, and indeed those in which the most characteristic pathologj’ was noted 
were either killed in extremis or in the earlier stages of the acute disease, and por- 
tions of the organs immediately placed in the fixative. Thus the intranuclear 
inclusion bodies, which appear as constant associates of this disease provided the 
material is taken under these conditions, are not the result of post mortem dc- 

^ Wc are grateful to Dr. Frederic Parker, Jr., Dr. Cecil K. Drinker and Dr. 
Henr>' Pinkerton for their kindness in examining many of our sections and offering 
valuable suggestions as to their interpretation. 
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generative changes in the cells. Indeed, when such changes have taken place, 
even to a relatively slight degree, it is often difficult or impossible to find inclusions 
in those sites in which they usually are easily manifest. 

Bone Marrow . — ^Tbis organ perhaps shows the most extensive dam- 
age. When the femur is carefully opened immediately after death, 
instead of the typical pencil like piece of fairly solid red marrow which 
extends almost the whole length of this bone in the kitten, one sees a 
small quantity of nearly fluid, or entirely fluid, bloody marrow. The 
marrow in the mid-shaft usually appears more normal than does that 
at the two extremities. This cannot be shelled out in one piece as in 
the normal cat, but may be scraped off with a dull, blunt instrument. 
It is unnecessary to decalcif}’' the marrow from the cat’s femur after 
fixation in Zenker’s fluid. 

On microscopic examination a very striking picture is presented in 
contrast to the normal marrow of the femur, which is not unlike 
human marrow (Figs. 3 and 4). 

There are usually areas of very marked congestion, perhaps actual hemorrhage. 
Blood in these areas has replaced one-half or more of the usual cellular elements. 
Fibroblasts arc conspicuous and a fine reticulum of tendrils with bulbous termina- 
tions is evident, with almost no cells in its mesh. Varying numbers of cellular 
elements remain, many of these in a degenerating condition with vacuolated 
cytoplasm and vesicular nucleus. Not infrequently large mononuclear cells, 
sometimes binuclcated, contain eosinophilic intranuclear inclusions. Phagocytic 
cells are present with engulfed erythrocytes. Generally there is complete absence 
of all adult members of the white cell series but occasionally in cases where the 
leucocyte count failed to fall below 1,000 cells a few polymorphonuclear cells o) 
sometimes fairly large numbers of eosinophile cells remain. 

Practically complete aplasia of both the red and the white series of cellulai 
elements is frequently found. In others a fair number of the red cell series ma) 
persist and in a third small group the reverse is seen, the members of the granu 
locylic scries being more in evidence. Whenever blood counts have been made thi 
condition revealed by the circulating blood is reflected in the marrow. VTicn n( 
white cells or only 100 or 200 cells per c.mm. have been present in the marrow, th( 
most complete aplasia of the j-oungcr forms of the granulocjdic series togethe: 
with absence of all adult polymorphonuclear cells has been observed. Usualb 
the most conspicuous cell persisting in the marrow is the megakaryocyte. But, h 
a few cases with decreased platelets and a prolonged bleeding time, the me^ 
karyocytes of the marrow were reduced in number or were entirely absent. 

The marrow of three cats deserves special mention: 

Cat 5-9. This was one of 2 adult cats which we have seen die as a result of thi 
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disease. No ante mortem blood studies were made, but the diagnosis was con- 
firmed by post mortem findings. No mature polymorphonuclear cells could be 
found in the marrow but it exhibited an unusually high proportion of myelocytes 
and premyelocytes, quite similar to the marrow of agranulocytosis in the human 
being (9, 10). This possibl}'' represents the difference between the reaction in the 
adult and the kitten, and may explain the greater apparent resistance of older cats. 
Severe depression of the marrow in this one case at least did not occur. It is 
quite likely that had this cat not given birth to kittens 2 weeks previousl}' it would 
have recovered. 

Cat 6-4: This cat, about 6 months of age, after definite exposure had a typical 
illness with the leucocyte count falling to 1,800 cells, at which time indication of 
recovery was suggested by a fall of body temperature and an increase in tlic leuco- 
C 3 ^te count. When the latter reached 2,800 the animal was killed. In the gross 
the marrow appeared normal but on section was seen not to contain the normal 
complement of cells. There were however numerous primitive cells in both the 
red and the granuloc 3 de series, but practically no adult white cells w'ere present. 

Cat 1-56 (Table III): From the findings in this animal also, which was killed 
at the onset of recovery, there is much to suggest that the premature granulocytes 
of the bone marrow' rapidly reestablish themselves once the turning point has 
been passed. 

Lymph Node . — The large ileocecal lymph node has been carefully 
studied. This is usually larger than normal and soft. No evidence 
of inflammation or hemorrhage has ever been noted such as Leasure, 
Lienhardt and Taberner (5), also Hindle and Findlay (2) have de- 
scribed. The glands have all exhibited extensive edema and great 
widening of the sinusoids, but the patholog}'^ that appears to be more 
or less specific is the marked depletion of adult lymphocytes and 
injur}' to the cells forming the germinal centers. Inclusion bodies m 
all respects resembling those found in the intestinal mucosa have 
been noted in some of the cells of the germinal centers, which like 
those of the spleen reveal evidence of injury by their failure to take 
the stain well (Fig. 5). An additional conspicuous feature is the 
presence of many mononuclear phagocytes crowding the widened 
sinusoids and containing numerous erythrocytes. 

Spleen . — The spleen is not abnormal in size, color or consistency in 
the gross. On section the l}'mphoid follicles resemble closely the 
lymph nodes just described except that the phagocytic cells are less 
in evidence. Inclusion bodies in variable numbers occur here also, 
mostly in the cells of the germinal centers (Fig. 6). Leasure, Lien- 
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hardt and Taberner (5), as weU as Hindle and Findlay (2) describe 
congestion of the spleen with hemorrhages in the lymph follicles, 
evidence of which we have failed to find in the spleens which we have 
examined, with one exception where there was marked congestion 
and perhaps hemorrhage about each lymph follicle. 

S 77 iall Intestine— la a few animals no abnormality could be noted 
in the intestine in the gross. Usually, however, some section of the 
small intestine was found to be slightly or moderately congested both 
on the serosal and mucosal surface. On the latter the areas of con- 
gestion appeared as pin-point petechiae. These probably represent 
the tips of congested villi. The mid-portion of the small intestines 
was most often involved, and next in frequency the lower ileum. 
Rarely the congestion extended the full length of the small intestine 
or included the cecum and proximal colon. In the intestine of 2 cats 
gross ulceration and necrosis and a pseudomembranous surface were 
noted. In 2 others a few tiny talcers were seen in the ileum, but these 
cases were exceptional. The small intestine was always completely 
empty except for a small amount of yellowish, mucoid fluid. 

On section at various levels one finding was almost constant wherever properly 
fixed intact mucous membrane remained in the crypts of the tubular glands. 
Many of the cells of the mucous membrane had large vesicular nuclei with the 
chromatin matter arranged along a thickened nuclear membrane, with the nucleo- 
lus staining a very dense purple and pushed to the periphery of the nucleus, and 
in the clear center of the latter were one or more comparatively large acidophilic 
inclusion bodies tj^pical of the type associated with virus infections (Fig. 2). 
These bodies are in some instances concentrated into an almost homogeneous mass, 
but on close examination, ev'en these can frequently be seen to be composed of 
closely packed, minute pink staining granules. In other cases these granules are 
scattered loosely throughout the center of the nucleus, but invariably they are 
surrounded by a clear halo which separates them from the nuclear membrane. A 
not infrequent finding is a verj’ large nucleus, as large or larger than the original 
cell, with the nucleolus forming a wedge shaped band which divides the nucleus in 
two parts, each containing an inclusion body. The intranuclear bodies usually 
take a delicate pink slain with cither hematoxylin and cosin or eosin and methylene 
blue in contrast to Uie more deeply staining bodies found in herpes and salivarj' 
gland diseases. No cytoplasmic inclusions have been found. 

At certain levels of the intestine the mucous membrane seems to have dis- 
appeared (Fig. 1), especially on the lateral surfaces of the villi and in the co-pts of 
the glands, but on closer study the membrane can often be distinguished as a 
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greatly flattened layer of cells lying against the connective tissue base. The cyto- 
plasm of the epithelial cells takes a light blue tint like that of the fibroblasts rather 
than the deep blue of the normal mucosal cell. In the portions where this flatten- 
ing of the epithelium occurs the gland lumen appears to have been distended, 
probably by fluid. Frequently the lumen contains a mass of necrotic gland cells. 
The flattened cells seldom contain inclusion bodies. In contrast with that which 
covers the lateral and basal portions of the villi the mucous membrane over tlie 
tips of these structures is more apt to be intact. 

The capillaries of the intestinal villi and of the submucosa are often moderately 
congested and usually the submucosa is somewhat edematous. Inflammatory 
infiltration by polymorphonuclear leucocytes is strikingly absent but many mono- 
nuclear cells are present, principally plasma cells. As a rule no eosinophiles have 
been observed. Occasionally there are areas whicli suggest connective tissue 
proliferating in the villi. Again it should be clearly stated tliat when the autopsy 
is not done until several hours post mortem, the condition of the mucous membrane 
in tlie gland crypts is such that no inclusion bodies can be found. However, in 
most instances where the tissues were fixed immediatel}’^ after death the}' could 
be easily demonstrated in fairly large numbers. 

In the ileum the lymph follicles are hypertrophied but as in the lymph nodes 
and spleen the number of adult lymphocytes has been greatl}' reduced; and in 
their place an unidentified type of large mononuclear cell and edema fluid make up 
the sizeable mass representing the lymph nodes. In one case several intranuclear 
inclusions were seen in these large mononuclear cells. 

Colon . — The lesions present in the pro.ximal portion of the colon 
simulate rather closely the milder lesions in the small intestine. Fre- 
quently many inclusion bodies are present in the mucosal cells. The 
hypertrophy of the solitary l}Tnphoid follicles is similar to that of the 
follicles in the ileum. As mentioned above, the pro.vimal colon in a 
few cases has shown mild congestion in the gross, but no ulceration 
has ever been seen and the ileocecal valve has never shown any con- 
gestion or other abnormality. A congestion of the latter has been 
described by Wooldrige in his discussion of Dalling’s paper (6) as a 
constant lesion in distemper of cats. 

The whole pathological picture in the intestinal tract is remarkabl} 
constant, varying only in degree and not resembling any other in- 
testinal lesion that we have ever seen. Some of the descriptions of 
tlie milder forms of acute infectious enteritis of cats resemble our 
severe lesions in the gross, but nothing in these lesions of ours or in 
the siTuptoms they produce would justify the name of enteritis. 'I he 
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remarkable thing about the lesion is the lack of inflammatory response 
in the presence of such extensive injury. Hindle and Findlay (2) 
describe gross and microscopic intestinal changes in distemper of the 
cat very similar to those which we have noted, but they failed to find 
after careful search any characteristic cytological appearances in the 
nucleus or cytoplasm. It will be remembered that they also found 
leucocyte counts to be of no value in recognizing the disease with 
which they worked. Leasure et al. (5) studied carefully the enteric 
pathology in infectious enteritis and apparently found no inclusion 
bodies. As a whole the intestinal pathology they describe was of a 
much more severe nature than ours, with marked iflceration and 
pseudomembranous lesions. They found the colon “usually devoid 
of feces or containing a blood-tinged mixture of feces and catarrhal 
exudate.” 

With the exception of the occasional presence of pnemnonia, no 
significant changes have thus far been noted in the lungs, brain, 
kidney, bladder, suprarenal gland, salivary gland, heart, liver, pan- 
creas or stomach. In the buccal cavity no glossitis or ulceration has 
been found, though looked for as routine since such lesions have been 
frequently mentioned in connection with acute infectious enteritis. 

Etiology 

In the demonstration of the nature of the etiological agent difficulty 
has been encountered because of its extreme infectivity. Apparently 
healthy animals brought to the laboratory and observed for a period 
of time varying from 8 to 18 days, either spontaneously developed 
characteristic symptoms or later proved refractory’- to the inoculation 
of material from sick animals or to contact exposure to cats suffering 
from the infection. To our minds this lack of response on the part 
of certain cats is most readily explained on the assumption that the 
animals possessed a natural umnunity which, because thej-- were 
nearly all under 6 months of age, was most likely in the form of a 
passively transferred congenital resistance. All attempts up to the 
present time to devise satisfactory techniques for isolating the animals 
under the conditions available in Boston, where the disease is preva- 
lent, have failed. However, a single e.\periment carried out on a farm 
in Connecticut has welded ewdence which indicates that the disease 
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can be transmitted by means of filtered material obtained from an 
infected animal.® 

® A second experiment has since been carried out which affords further evidence 
in support of the conclusion that the disease is due to a filterable agent. 

Three kittens from a rural district in Pennsylvania were isolated for 27 days in 
quarters at a distance from the laboratory. During this period no signs suggestive 
of the specific infection were noted. The probable susceptibility of these animals 
to the disease was indicated by the fact that 20 other kittens in the same shipment 
which were placed in an enclosure previously occupied by infected cats, all died 
with characteristic findings after 8 to 15 days. 

Two of the isolated kittens were given intraperitoneally 5 cc. of a filtrate which 
was prepared in the following manner. The spleen of a cat dying of the infection 
was thawed after being maintained in the frozen state at — 10°C. for 16 days. An 
8 per cent emulsion of the organ was then prepared in the manner already described 
in the text. Filtration of the centrifuged emulsion was effected by means of a 
Berkefeld V filter at 20 cm. of Hg negative pressure. This filtrate proved sterile 
after 8 days incubation in suitable media both under aerobic and anaerobic 
conditions. 

The third kitten which served as a control received intraperitoneally 5 cc. of a 
mixture of equal parts of infusion broth and saline. It was then placed in a cage 
at a distance of 25 feet from the 2 inoculated animals. 

On the 6th day, one 'of the inoculated kittens died. During the last 2 days of 
life it presented the typical signs and the leucocytic count rapidly fell to 0. Post 
mortem findings in the gross and the histological changes proved the presence of 
the disease. The second animal which received the filtrate recovered after an 
illness in which the leucocytic count reached 3,925 on tlie 7th day following 
inoculation, when the temperature w'as 105‘’F. During recovery, blood studies 
revealed indication of marked and rapid regenerative changes, especially in the 
leucocytes similar to those observed in the blood of cat 4 (sec text). 

The control animal remained well for 18 days. Then it was inoculated intra- 
peritoneaUy with a Berkefeld filtrate of a 10 per cent suspension of lymph node and 
spleen from 2 infected animals. The lymph node had been kept in the frozen 
state for 8 days and the spleen for 34 days. Because of difficulty in filtering this 
suspension, much of it was lost. Therefore, to insure adequate exposure to the 
virus, a few drops of the unfiltered suspension were also instilled intranasally 
without anesthesia. After an incubation period of 5 days, the kitten became 
sick, developed a severe leucopenia and died on the 7th day following inoculation. 
Just before death, only 200 leucocytes were found in the blood. The post mortem 
findings in the gross were typical of the infection. Thus we believe that there can 
be no doubt concerning the cause of death, although microscopic sections of the 
viscera have as yet not been e.xamined. The fact that the control kitten proved 
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Four young animals about 4 months old ■were obtained locally and brought to 
the farm where they were observed for 3 weeks, during which period they remained 
free of any obvious signs of disease. The kittens were derived from different 
sources and were not litter mates. 2 of the cats were then selected at random 
and removed to a building about 300 yards distant from their original quarters, 
where the remaining 2 animals were confined during the experimental period. 
The latter served to control further the possible occurrence of spontaneous disease 
which might have arisen as a result of infection which had not yet become apparent 
among the stock before its separation. These control animals were fed by the 
same attendant who had previously cared for all the cats during the preliminary 
period of observation and who subsequently had no contact with the inoculated 
animals. Moreover we refrained from examining the control animals except from 
a distance, relying upon the report of the attendant and ocular evidence for the 
absence of any sign of illness. 

The 2 experimental animals. Nos. 1-56 and 1-57, were each inoculated intra- 
peritoneally with 3 cc. of a Berkefeld N filtrate of the emulsion of a spleen pre- 
served for 34 days at — 10°C. which had been removed from a cat killed in the 
acute stage of the disease contracted spontaneously. Both the clinical and patho- 
logical evidence obtained in the case of the animal yielding this material revealed 
the presence of the typical disease. The emukion was prepared in the laboratory 
at Boston in the following manner: 3 gm. of splenic tissue together with pyrex 
glass capillary tubing were ground in a mortar with the gradual addition of 30 cc. 
of a mixture containing equal parts of Tyrode’s solution and infusion broth. The 
emulsion was centrifuged for SO minutes at 2000 r.p.m. The supernatant fluid 
was then run through a Berkefeld N candle at a negative pressure of 60 cm. Hg. 
5 drops of the filtrate were inoculated into each of two tubes of cooked meat 
infusion broth and two tubes of rabbit blood broth. Blood agar plates were like- 
v;ise inoculated with 2 drops of the filtrate. No growth of bacteria occurred in 
any of these media after 8 days at 37°C. The bulk of the filtrate was placed in 
sterile scaled containers and kept at O'C. in a vacuum jar during transportation 
from the laboratory in Boston to Waterford, Connecticut. On arrival the con- 
tainers were put in the ice box until the next day when their contents were injected 
into the cats 1-56 and 1-57. Total white blood cell counts and erj’-throcj’te counts 
were carried out immediately prior to inoculation and daily thereafter at approxi- 
mately the same hour, which was always before the morning feeding. The tem- 
perature at this time was likewise recorded. The data thus obtained are presented 
in Table III. 


susceptible to subsequent inoculation affords additional evidence that the disease 
produced in the 2 experimental animals resulted from inoculation and not from 
natural infection through materials inadvertently introduced into their quarters, 
either by the attendant or by some other agcnc>’. 
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Most significant is the evidence for the occurrence of a definite leucopenia in 
both cats which had received the filtrate. This was extremely marked in 1-56, 
while less severe but, we believe, definite in 1-57.® The behavior of cat 1-56 con- 
forms with our earlier findings in that the decrease in the number of leucocytes 


TABLE in 


Clinical Record, Cats 1-56 and 1-57: Age: 4 months. Inoculum: Suspension 
of spleen of cat 1-17, frozen at — 10°C. for 34 days and passed through a Berke/eld 
N filter. Filtrate sterile. Method of inoculation: Intraperitoneal, 3 cc. 
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precedes the appearance of recognizable illness manifested by the refusal of food, 
vomiting, increase in temperature and marked weakness. None of the typical 
clinical manifestations of acute and severe illness accompanied the drop in the 
leucocytic count of cat 1-57. Here the disease if present was evidently extremely 
mild. 

Although less marked the red blood cell counts in both animals indicated a 


® For discussion of range of variation in number of leucoc>’tcs sec page .1.10. 
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definite decrease in the numbers of erythrocytes during the course of the disease. 
This likewise is in keeping with their behavior in animals previously studied. 

Cat 1-56 which in all respects undenvent a typical course and was so ill that 
death appeared imminent during a period of 48 hours, was killed and autopsied 
at the time when the increasing numbers of leucocj’tes and the general improve- 
ment in the animal’s condition denoted the inception of recovery. In the gross 
no definite pathological lesions were evident. The small intestine throughout its 
entire length was empty except for a slight amount of bile-stained viscous fluid, 
while a scanty amount of formed feces was present in the colon. This condition 
of the intestinal contents, it will be recalled, is characteristic of the spontaneous 
disease. In the lower ileum the mucosa was slightly roughened and pinkish in 
certain areas. The femoral hone marrow unlike that found in the acute stage or 
when the animal has died as a result of the infection was not abnormally soft or 
hemorrhagic. It was however definitely paler than in the normal animal. 

Histological examination of sections of the intestine which had been placed 
in Zenker’s fluid within 10 minutes after death showed that the greater portion 
of the mucosa was normal. However betw'een groups of glands and villi bearing 
intact epithelial cells, other glands %vere interspersed either singly or in groups 
which were lined with severely damaged epithelium. Certain of the necrotic cells 
lay in the lumina of the glands; others, in various stages of degeneration, remained 
in situ. In places the basal membrane was covered by a small number of flattened 
cells. After prolonged examination four typical intranuclear inclusion bodies 
were observed in the epithelial cells of the glandular acini. There was no evidence 
of any inflammatory reaction. The areas of normal mucosa showed no evidence 
of autolysis or post mortem degeneration. The lesions which have been described 
were most conspicuous in the ileum, but similar areas of injured mucosal tissue 
were noted in the jejunum. 

The bone marrow contained an abnormally large number of primitive cells 
belonging to the white blood cell series, most of which appeared to be premyelo- 
cylcs. A minority of these cells were cosinophiles with bilobate nuclei. A very 
striking feature was the presence of numerous mitotic figures amounting to at 
least one per oil immersion field. Exceedingly few representatives of the erj-th- 
rocj-tic series of cells were seen. In respect to this series one could regard the 
histological findings as indicating an aplastic marrow. No inclusion bodies were 
found. 

In general the situation in the marrow conforms entirely with that 
which might he expected during recovery from the severe injury' to 
this organ which has been found to take place during the acute stage. 

The lymphoid tissue (mesenteric lymph node) appeared definitely abnormal in 
three respects: (a) The germinal centers contained practically no K-mphocytes, 
but were replete with reticulum cells which appeared to be for the 'greater 'part 
completely inactive. No mitotic figures were seen in any of the centers except 
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in one part of the node where regeneration seemed to be commencing and some 
medium sized lymphocytes were beginning to appear in the germinal center. (6) 
The density of distribution of lymphocytes both around the germ centers and in 
the medullary cords was much less than normal. Many of the cords had dis- 
appeared. At tlie same time it was noteworthy that those lymphocytes which 
were present did not appear to be abnormal in any respect, (c) Many of the 
cortical sinuses were almost empty. The medullary sinuses, on the other hand, 
were full of proliferated reticulo-endothelial cells. No inclusion bodies were found 
in this organ. 

\ 

Here again there is definite indication of the type of damage whicli 
we have found to be typical of the disease as it affects this organ. But 
the regenerative processes of the lymphoid cells, unlike those of the 
granulocytic series, has at this early stage of recovery scarcely begun. 

In conclusion, then, the post mortem findings support and supple- 
ment the conclusion which may be drawn from the evidence presented 
by the clinical course, that the disease produced in this animal follow- 
ing the injection of a filtrate free of bacteria was identical with tlie 
natural infection as it occurred in the cat from which the material 
used in the preparation of the filtrate was derived. 

We cannot unreservedly assert that the other animal inoculated 
with the filtrate developed the disease. It is nevertlieless highly 
probable that a mild infection occurred expressed only by a moderate 
leucopenia and a fall in the erythroc 3 Te count. That a leucopenia 
actually was present is indicated by the fact that as we have previously 
stated we have never observed the total white blood cells in normal 
animals to fall below 8,900 per c.mm. except in one instance which 
may well have been due to error in technique. It is not surprising 
that both animals failed to respond in a similar manner since we have 
had much evidence which shows that resistant cats arc not infre- 
quently encountered. 

This experiment in addition to exhibiting the filterable nature of 
the agent shows that the period of incubation as measured by the 
time elapsing between infection and the onset of manifest signs of 
illness is about 6 days. The leucopenia, however, begins at least 2 
days earlier. 

In the light of the information derived from the foregoing experiment 
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we believe that tbe results of two of the experiments previously carried 
out and designed to test the infectivity of bacteria-free filtrates of the 
emulsion of various organs obtained from typical cases of the disease 
are of confirmatory value in indicating the filterable nature of the 
infectious agent. 


TABLE IV 

Clinical Record, Cat 11-E: Age: 4 months. Inoculum: 2 cc. of nasal wash- 
ings from cat 5, taken in normal saline and frozen at — 10°C. for 45 days, thawed 
and passed through a Berkefeld V filter, proved sterile by culture. Method of 
inoculation: Given intranasally under light ether anesthesia. 
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Cat ll-E: The details of the inoculation and the clinical course with laboratory 
studies arc presented in Table IV. This animal was brought directly to the 
bboraton- and inoculated. It had been reared on a farm where no cat had been 
known to be ill previously. It died 8 days after inoculation, of an illness in every 
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respect typical, and the diagnosis was confirmed by all the pathological criteria 
we have mentioned above. 

Cat 11-F : The data regarding inoculation and the clinical course in this animal 
is presented in Table V. This kitten came from the same source as the one de- 
scribed previously, but was kept overnight, in a laboratory room not used for cats 
for a 6 week interval, before inoculation. It was killed in extremis 5 days after 
inoculation and the diagnosis verified by study of the routine sections. 


TABLE V 

Clinical Record, Cat 11-F: Age: 4 months. Inoculum: suspension of feces 
and intestinal mucosa of cat 11-E, passed through a Berkefeld N filter, proved 
sterile b}^ culture. Method of inoculation: Given intraperitoneally witliout anes- 
thesia. 
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An analysis of the man}'’ spontaneous cases ■which have occurred in 
animals brought to the laboratory indicates that the usual interval 
between probable exposure and death in spontaneous infections is 
from 10 to 15 days. The relative brevity of the period between 
inoculation and death in these 2 cats, 8 and 5 days respectively, which 
is of the same order as that noted in the Connecticut c.\'pcrimcnt, sug- 
gests that the disease resulted from inoculation of sterile filtered 
material. 

The findings in the bacteriological study of the blood and viscera 
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in a considerable number of characteristic cases supports the direct 
evidence already presented which leads us to regard the infection' as 
due to a filterable virus. 

In 30 cases of the typical disease blood cultures were carried out using both 
blood agar and rabbit blood infusion broth as the media. Under aerobic condi- 
tions at 37°C. in 10 only did bacterial growth result. Of these 10 positive cultures, 
4 were found to be organisms belonging to the genus Pasteurella; one a mixture 
of Bacillus mesentericus and Staphylococcus alhtts, 2 Gram-negative rods probably 

TABLE VI 


Inoculation oj Other Animal Species 
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B.coli,a hemolytic streptococcus, and the 2 remaining cultures were not identified. 
Several of these different species were inoculated into healthy cats. In no instance 
did they produce any condition resembling the original disease. 

Cultivation of portions of various viscera of cats d>'ing with the infection also 
yielded no growth or a diversity of bacterial species. Moreover anaerobic cultiva- 
tion in certain instances of both blood and viscera gave results similar to those 
obtained by Uic aerobic method. With the exception of the lungs, in which 
occasionally pneumonia was present and one spleen, no positive cultures were 
obtained from any organ in the absence of a bacteriemia. 

Considering the diversity of species encountered, these organisms 
in all probability represented secondary invaders which gained a foot- 
hold due to the almost complete absence of mobile phagocj’tic cells. 
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hisusceptibilUy of Other Species 

As yet we have failed to produce pathological changes or any other 
indications of infection by the inoculation of tissues from infected cats 
into several of the common laborator)’- animals. Table VI contains a 
summar}^ of these experiments. 

Thus far the chorio-allantoic membrane of the developing chick has 
likewise failed to reveal any recognizable injury following contact witli 
the same materials. 

The pathogenic agent thus appears to be closely adapted to the 
natural host and in this respect is likewise comparable to certain of 
the known filterable viruses. 


DISCUSSION 

The infectious disease which has been described presents a most 
unusual group of pathological conditions, seeming entirely unrelated. 
In every kitten killed in the acute stage or dying of the disease a loss 
of circulating leucocytes of all kinds occurred, accompanied by marked 
aplasia of the bone marrow, aplasia and necrosis of lymphoid follicles, 
congestion of the intestines and necrosis of the mucosa of the intestinal 
glands. Usually when erythrocyte counts were carried out an 
anemia was noted and in exceptional cases the platelets in the circulat- 
ing blood as well as the megakaryocytes of the marrow were markedly 
diminished in number. Characteristic intranuclear inclusion bodies 
were found in certain cells of the organs affected. Both the inclusion 
bodies and the other pathological changes apparently occurred in two 
distinct types of tissue, those of mesodermal and of entodermal origin. 
Although the cells containing inclusion bodies in the bone marrow, 
lymph nodes and spleen could not be absolutely identified, they were 
probably of mesodermal origin as are all the important functional 
elements of the bone marrow and the lymph glands. In the intestine 
the mucosal cells of entodermal origin are the ones principally affected. 

Since the leucopenia developed prior to other signs in most cases, 
tlic lesion in the blood-forming organs probably represented the 
primary and most significant injury as far as the life of the animal was 
concerned. Although constantly present the lesions of the intestinal 
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mucosa varied, greatly in severity and extent. Accordingly it is 
difficult to estimate their importance in so far as they might have 
contributed to the outcome. 

The actual cause of death in our animals has not been determined. 

A complete absence of leucocytes should, of course, invariably lead 
to eventual secondary infection and septicemia, but many of the cats 
have died so rapidly that opportunity for secondary infection seems 
not to have been afforded. 

The question as to whether or not this infection is to be identified 
with cat distemper or feline infections described by the various authors 
which have been cited is difficult to answer. The milder intestinal 
injury which we have noted, the failure on the part of other observers 
to describe the inclusion bodies which in our disease are conspicuous, 
the difference in the pathological changes in the lymph nodes, and 
the fact that one report specifically stated that no significant changes 
occurred in the number of leucocytes in the blood, strongly suggest 
that there exist more than one epizootic of cats which affect the 
gastro-intestinal tract. 

Examples of diseases in which a filterable virus has been shown to 
be the etiological agent and in which the leucocytes on the one hand 
and the erythrocytes on the other are characteristically affected may 
be found in the leukemia of fowls and equine anemia. But in so far 
as we are aware with the exception of the malady recently reported 
by Lawrence and Sjwerton and which we believe to be identical with 
that which we have studied, no disease of virus origin has been de- 
scribed in which a severe fulminating leucopenia of both granulocytic 
and lymphocytic series forms a characteristic feature. Moreover we 
do not know of any other disease accompanied by constant and marked 
enteric pathologj' with the possible exception of the group of fehne 
distempers referred to above, in which a xnrus may be causally related. 
In this connection, however, the observations of Slanetz and Smetana 
(11) should be recalled, who have described intranuclear as well as 
intracytoplasmic inclusion bodies in the cpitlielium of the intestinal 
tract of ferrets dying from an epizootic disease, shown by them to be 
due to a filterable agent. But they fail to mention any other indica- 
tion of injury to the intestinal mucosa. In canine distemper DeMon- 
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breun (12) also observed inclusions in the intestinal epithelium of 
infected animals, but with little evidence of accompanying damage 
to the mucosa. 

The mode of natural transmission has not been established, but it 
would seem most probable to take place by direct contact with the 
discharge of infected animals. The possibility, however, that an 
insect vector may occasionally be involved cannot be disregarded. 

Our experience has indicated that the natural disease is highly 
infectious and that the agent either remains viable for considerable 
periods of time outside the body or possibly in that of an intermediate 
host such as the flea. Satisfactorily controlled experiments have 
therefore proved extremely difficult to carry out. To analyze the 
many interesting aspects of the disease suggested by our observations, 
more convenient techniques for securing rigid isolation must be 
devised. 


SUMMARY 

An acute, highly fatal epizootic disease of cats is described, which 
can be recognized by a fulminating and extreme leucopenia involving 
all types of white blood cells, aplasia of the bone marrow, including 
both the granulocytic and the erythrocytic series and occasionally the 
megakaryocytes, aplasia of lymphoid tissue, and characteristic intra- 
nuclear inclusion bodies in the cells of the intestinal mucosa and in 
certain cells of the spleen, lymph nodes and bone marrow. 

The infection has been induced in healthy cats by means of bacte- 
ria-free filtrates of emulsions of the spleen of infected animals. Collat- 
eral evidence supports the conclusion that the disease is due to a 
virus. The pathogenicity of the infectious agent has proved thus 
far to be strictly limited to the natural host, 
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VIRUS DISEASE OF CATS 


EXPLANATION OF PLATE 18 ' 

Fig. 1. Low power magnification of the mucosa in the ileum of cat 11-F, killed 
in extremis. Less than half of the tubular glands are lined with normally staining 
epithelium. The cellular infiltration consists almost entirely of plasma cells. 
Eosin-methylene blue. X 80. 

Fig. 2. High power magnification of the fundus of a typically affected intestinal 
gland. In the lumen are necrotic cells and in one epithelial cell is a characteristic 
eosinophilic intranuclear inclusion body. Hematoxylin and eosin. X 950. 

Fig. 3 . Low power magnification of marrow from femur of kitten, 3 months of 
age, which died from a spontaneously acquired infection. There is marked 
aplasia of normal cellular elements. Eosin-methylene blue. X 100. 

Fig. 4. Low power magnification of marrow from femur of a normal kitten, 3 
months of age. For comparison witli Fig. 1. Eosin-methylene blue. X 100. 

Fig. 5. The central area of a degenerated lymph follicle in a mesenteric lymph 
node. In the center is a mononuclear cell containing an eosinophilic intranuclear 
inclusion body (arrow). Very few adult lymphocytes remain. Hematoxylin 
and eosin. X 950. 

Fig. 6, Section at the edge of a splenic lymphoid follicle. At the center is a 
cell with an eosinophilic intranuclear inclusion body. Hematoxylin and eosin. 
X 950. 









STUDIES ON ANTIBACTERIAL IMMUNITY INDUCED BY 
ARTIFICIAL ANTIGENS 

I. Immunity to Experimental Pneumococcal Inpection 
WITH AN Antigen Containing Cellobiuronic Acid 

Bv WALTHER F. GOEBEL, Ph.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) ‘ 

(Received for publication, December 1, 1938) 

The results of experimental studies on artificial antigens containing 
the azobenzyl glycosides of glucuronic, galacturonic, and ceUobiuronic 
acids indicate that the hexose uronic and aldobionic acids have an 
important function in determining the immunological characteristics 
of certain of the specific polysaccharides of encapsulated microorgan- 
isms (1) . Azoproteins containing these uronic acids have the property 
of precipitating in high dilutions in antipneumococcal sera of various 
types, whereas antigens containing the azobenzyl glycosides of the 
corresponding aldoses show little or no serological activity. That the 
hexose uronic acid antigens actually combine with and precipitate the 
type specific polysaccharide antibodies has been demonstrated in a 
number of ways. It is apparent, therefore, that the artificial hexose 
uronic acid antigens possess certain of the serological characteristics 
of the immunologically active pneumococcus polysaccharides them- 
selves. Despite this similarity, however, it has thus far been im- 
possible to induce antibacterial immunity by injecting animals with the 
glucuronic or galacturonic acid antigens. Attempts to induce im- 
munity to Type III pneumococcal infections in mice, rabbits, goats, 
and horses vuth an azoprotein containing glucuronic acid have all 
been unsuccessful. The reason probably resides in the fact that 
glucuronic acid alone does not approximate closely enough the chem- 
ical structure of the more complex building stone of the Tj-pe III 
pneumococcus polysaccharide, cellobiuronic acid (2). 

Recently it has been shown that an azoprotein containing cello- 
biuronic acid simulates much more closely the serological character- 
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istics of the capsular polysaccharide of Type III Pneumococcus than 
does one containing glucuronic acid (1 c). These observations have led 
to the belief that in order to induce T3’^pe III antipneumococcal im- 
munity in experimental animals with an artificial antigen, it is not 
necessarily essential to have as the immuno-specific group the long 
chained type specific polysaccharide (3), but that the building stone 
from which it is constituted, namely the aldobionic acid, should suffice. 
In accepting this point of view it must be borne in mind that the 
polysaccharides, biologically active and otherwise, are simpler entities 
than are the antigenic proteins. The carbohydrates may in general be 
regarded as constituted from a fundamental pattern unit of one or more 
simple saccharides combined in glycosidic union to form a long cliained 
macromolecule. Whether in artificially compounded antigens the 
integrity of the bacterial polysaccharide molecule is essential for the 
expression of type specificity and the capacity to induce antibacterial 
immunity, or whether the pattern unit, which in the case of the Type 
III Pneumococcus is cellobiuronic acid, will sufiice, is the subject of 
the present investigation. 

Two artificial azoprotein antigens have therefore been prepared, 
one containing the azobenz)d glycoside of the disaccharide cellobiose, 
the other the corresponding glycoside of cellobiuronic acid, the pattern 
unit of the Type III pneumococcus specific polysaccharide. The 
structural relationship of these two glycosides is represented by the 
following formulae : 



^-arainobenzyl )S-cellobioside 
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OH (6) CH 2 OH 



^aminobenzyl /3-cellobiuronide 


These two substances differ only in the grouping occupying the 12th 
position which in the cellobiose is a primary alcohol grouping (CH 2 OH) 
and in the cellobiuronide a carboxyl group (COOH). From the follow- 
ing account it will be seen that this slight difference in chemical con- 
stitution confers upon each antigen vastly different immunological 
properties. 


EXPERIMENTAL 

Methods 

Immuiiizalion.—'Two groups of rabbits weighing from 2 to 2.5 kilos were 
immunized respectively by the intravenous injection of 1 cc. of a sterile 0.5 per 
cent solution of the cellohiose and cellobiuronic acid antigens. The latter were 
prepared by combining the diazotized derivatives of the ^-aminobenzyl glycosides 
of cellobiose and cellobiuronic acid to horse serum globulin as previously described 
(1 c) . The animals received six daily doses of antigen and after a rest period of 
7 days, the course of injections was repeated a second time. t\T3en necessary' a 
third course of immunization was given. 7 days after the last injection the animals 
were bled from the ear and the sterile serum kept without preserv'ative. In the 
tables the immunizing antigens will be referred to as cellobiose-globulin and 
cellobiuronic acid-globulin. 

Technique of Immunity Reactions . — ^In the precipitin reactions, test antigens 
were prepared by combining the diazotized glycosides to the protein of chicken 
serum in order to avoid protein cross-reactions. In the agglutination reactions 
the antiserum to be tested was diluted with the appropriate quantity of sterile 
saline and an equal quantity of freshly prepared suspensions of heat-killed (70°) 
pneumococci of the specific type indicated in the protocols was added. All tubes 
were incubated at 37° for 2 hours and readings made after 24 hours in the ice chest. 

The protection tests were done by the conventional technique; mice were in- 
jected intrapcritoncally with 0.2 cc. of immune serum together with graded 
amounts of wrulent cultures of pncumococd. The dilutions were so made that 
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in all instances the total volume injected was 1 cc. Only those antisera havinj 
maximal precipitin titre for the homologous test antigen were used in mice, sinc( 
antisera of lower titres failed to show appreciable protective action against w’ru 
lent pneumococci. Following the course of intravenous injections the rabbit: 
were tested for active immunity by the intradermal method of Goodner (4), usinj 
a culture of a rabbit virulent strain of Type III Pneumococcus, 0.001 cc. of whicl: 
killed normal animals within 48 hours. The extent and character of the lesionS; 
as well as the temperature of the animals, were recorded dail)'. All animals were 
observed for a period of 18 daj^s before terminating the experiments. 

RESULTS 

Precipitins . — ^The immunization of the rabbits with the azoprotein 
antigens containing cellobiose and cellobiuronic acid was followed by 
means of the precipitin test. Two antisera obtained from each of two 
groups of rabbits which had received the cellobiuronic acid antigen 
were chosen for further investigation. Two cellobiose antisera like- 
wise obtained from two groups of each of three rabbits were used in 
the immunological studies. All of these antisera yielded a marked 
precipitate with high dilutions of homologous test antigens. 

Ncufcld “Qucllung” Reactions . — ^Using the standard technique for the 
Neufeld reaction it was found that a young actively growing culture of 
Type III Pneumococcus when mixed with cellobiuronic acid antiserum 
showed a typical and unmistakable swelling of the capsule indistin- 
guishable from the Neufeld reaction produced by Type III anti- 
pneumococcus rabbit serum. The specificity of this reaction is the 
more striking since antisera to the cellobiose antigen failed to produce 
swelling of the capsule of Type III pneumococci. No swelling of the 
capsules of Types II and VIII pneumococci could be observed w’hcn 
the respective organisms were tested with cellobiose or cellobiuronic 
acid antisera. This point will be discussed further in the section 
dealing with the protective action of these sera. 

Agglutinins . — ^The sera of rabbits injected with the cellobiose and 
cellobiuronic acid antigens were tested for agglutinins with heated 
suspensions of Types II, III, and VIII pneumococci. The results of 
typical experiments are given in Table I. From the results given in 
Table I it can be seen that the sera of rabbits immunized with the 
cellobiose antigen failed to agglutinate, in the range of dilutions used, 
any of tire types of pneumococci tested. On the other hand, the 
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eUobiuronic add antisera in high dUutions agglutinated spedfically 
[•ype III pneumococd but not the organisms of Types II and VIII. 
Chese experiments were carefully controlled in that the serum of the 
;ame animals obtained before immunization was similarly tested and 
n each instance found to be wholly devoid of specific antibodies for 
lype III pneiunococci. 

From the results of these experiments it can be conduded that the 
antisera of rabbits immunized with the artificial cellobiuronic acid 
antigen contain antibodies which cause swelling of the capsules and 
agglutination of Type III pneumococci, whereas the ceUobiose antisera 
show neither of these properties. It is apparent, therefore, that the 


TABLE I 

Agglutination of Types 11, 111, and Vlll Pneumococci in CeUobiose and 
Cellobiuronic Acid Antisera 


Antiserum prepared by 
immunization with 

Pneumo- 

coccus 

Fbal dilution of terum 

Types 

1-.5 

1:10 

1:20 

1:10 

1*^0 

1:160 

1-J20 

Ccllobiosc-globulin 


0 


0 

1 ° 

1 ^ 

g 




B 

0 

0 

0 

— 


— 



B 

0 

0 


— 

H 

- 

Cellobiuronic acid-glob- 

iDH 



0 




■ 


ulin 

mSsM 

El 


+++ 

+-1-+ 

+ + ' 




VIII 


0 

0 

0 

0 

0 

0 


conversion of the primar}' alcohol group on the 12th carbon atom of 
cdlobiose to the carbo.xjd group confers upon the cellobiuronic acid a 
new and important immuno-chcmical function. 

Prokclivc Antibodies: A. Cellobiuronic Acid Antiserum . — ^It has 
been found that the capsular polysaccharides of Tj-pes III and VTTT 
pneumococd both contain cellobiuronic acid as an important con- 
stituent of tlie molecule (5). In order to determine whether sera of 
rabbits immunized with the artificial cellobiuronic add antigen will 
confer passive immunity on mice against infection with these tj’pes of 
pneumococci, protection tests were performed by the technique de- 
scribed. For purposes of comparison tests against infection with T>'pe 
I pneumococd were included in this c.xpcriment as well. Since the 
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capsular polysaccharide of Type I Pneumococcus bears no structural 
similarity to that of Types III or VIII, one would not anticipate any 
protective action of the cellobiuronic acid antiserum against infection 
with organisms of Type I. 

The results of the protection experiments given in Table II show 
that the serum of a rabbit immunized with the artificial cellobiuronic 
acid antigen is effective in protecting mice against infection with 
10,000 and 1000 minimal lethal doses of Types III and VIII pneumo- 


TABLE II 

Protective Action of Anticcllobiuronic Acid Rabbit Scrum against Pneumococcus 

Infection in Mice* 


Amount of culture 

Pneumococcus 

Type I 

Type III 

Type Vin 

cc. 




IQ -3 

— — 

D48 D48 S 

— _ * 

10“* 

— — 

S S S 

D44 D72 S 

10-® 

D40 D40 

S S S 

S S S 

10-® 

D 40 D 48 

S S S 

S S S 

Virulence controls! 




(no serum) 




10"® 

D40 

D32 

D2S 

10-’ 

D48 

D48 

D2S 

10-® 

D48 

D48 

S 


* The serum of a rabbit immunized with the first preparation of cellobiuronic 
acid antigen and showing the highest precipitin titre for the homologous test 
antigen was chosen for this experiment. 

t The number of colonies developing in blood agar, seeded with the 10"’ and 
10~® dilutions were in all instances counted (Tables II to IV). 

cocci respectively. As was anticipated, the anticcllobiuronic acid 
serum failed to protect against infection with virulent Type I pneu- 
mococci. 

These experiments proved so striking that it was thought advisable 
to repeat them. Consequently an entirely new lot of the p-armno- 
benzyl glycoside of cellobiuronic acid was synthesized and the experi- 
ments repeated. The second preparation of antigen was administered 
as in the previous experiment to a group of three normal rabbits. 
After three courses of immunization one animal in this group failed to 







WALTHER r. GOEBEL 


359 


show cellobiuronic acid antibodies, a second gave a moderate antibody 
response, whereas the serum of the third animal showed the presence 
of precipitins in high titre and was used in the following protection 
tests. 

This serum was tested in mice for the presence of protective anti- 
bodies against Pneumococcus Types II, III, and VIII and the results 
of these experiments are given in Table III. The experiments were 
controlled by including a group of mice which received virulent 
organisms together with the serum of the same rabbit before immuni- 
zation with the cellobiuronic acid antigen was begun. 

The results presented in Table III confirm the observations re- 
corded in Table II and in addition show that the cellobiuronic acid 
antiserum affords protection against infection with Type II pneu- 
mococci as well as with T3T)es III and VIII organisms. This result 
clearly demonstrates that the artificial antigen containing the azo- 
benzyl glycoside of cellobiuronic acid stimulates in rabbits the forma- 
tion of antibodies capable of conferring passive immunity on mice 
against infection with a number of different types of virulent pneu- 
mococci. The significance of this finding Vidll be discussed later. 

B. Ccllohiose Anliserum . — ^It will be recalled that the chemical 
structure of the two saccharides, cellobiose and cellobiuronic acid, is 
identical save for the grouping occupying the 12th position in each. 
Antigens containing the azobenzjd glycosides of these two saccharides 
give rise in rabbits to antibodies which show some serological crossing, 
yet are quite specific as shown by inhibition tests (1 c) . In the present 
investigation it has been found that the antiserum elicited by the 
cellobiuronic acid antigen agglutinates Tj^pe III pneumococci and 
causes a definite swelling of the capsule. The antiserum to the 
cellobiose antigen, on the other hand, exhibits neither of these phe- 
nomena. 

In order, therefore, to ascertain whether the cellobiose antiserum 
will confer passive protection against pneumococcal infections, the 
most potent cellobiose antiserum was tested in mice with \drulent 
cultures of Types II, III, and VIII pneumococci by the method 
described. In no instance was any protective action observ'ed. The 
results of these experiments, which are given in Table R-, again 
demonstrate the wide variance in immunological function of the anti- 
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bodies elicited by an antigen containing the disaccharide as opposed 
to the immune bodies evoked by the aldobionic acid antigen. 

Active Immunity: A. Rabbits Injected with Cellobiose Antigen . — 
To ascertain whether the rabbits injected with the cellobiose antigen 
had acquired active immunity, six animals were infected, 12 days 
after the last injection of antigen, by the intradermal inoculation of 


TABLE III 

Protective Action of Anticellobiiironic Acid Rabbit Scrum against Pneumococcus 

Infection in Mice* 


Amount of culture 

Pneumococcus 

Type 11 

Type III 

Type vni 

CC. 




10-2 

D72 S 

D 24 D 24 

— — 

10-2 

S S 

D72 S 

D 24 D 24 

lO--* 

S S 

S S 

D 40 D 72 

10-® 

S S 

S S 

S S 

10-® 

— — 

— — 

S S 

Controls! 




lO-o 

D40 

D40 

D40 

10-’ 

D24 

D48 

D40 

10-2 

D48 

D48 

D40 

Virulence controls 

1 



(no serum) 




10-® 

D40 

D40 

D40 

10-^ 

D24 

D48 

D40 

10-8 

D40 

D4S 

S 


* The serum of a rabbit immunized with the second preparation of cellobiuronic 
acid antigen and showing the highest precipitin titre for the homologous test 
antigen was chosen for this c.xperiment. 

f Mice received 0.2 cc. of serum of rabbit before immunization with cello- 
biuronic acid antigen was begun. 

0.2 cc. of a blood broth culture of a rabbit virulent strain of Type 
III Pneumococcus. The virulence of the culture was such that 0.001 
cc. injected intradermally killed normal control rabbits within 4S 
hours. The animals which had previously received the cellobiose 
antigen promptly developed massive edematous and necrotic lesions 
following infection and succumbed within 48 to 60 hours. 
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B. Rabbits Injected wifJfl Cellohiuronic Acid Antigens . — ^Four of 
the rabbits which had received the cellobiuronic acid antigen were 
likewise tested for active immunity. The intradermal- inoculation of 
virulent Type III organisms was made 12 days after the last injection 
of antigen. All four animals developed marked lesions and ran a 
febrile course. In each instance save one, however, the lesions were 
smaller and less edematous than in the normal controls or in the 
animals which had received the ceUobiose antigen. Three of the in- 
fected rabbits recovered from the dermal infection. One rabbit died 
•OTthin 72 hours. 


TABLE rv 

Protective Action of Anlicellobiose Serum against Pneumococcus Infection 

in Mic^ 


Amount of culture 

Pneumococcus 

Type 11 

Typem 

Type Vm 

cc* 




10-' 

D 28 D 45 

D 45 D 45 

D45 D45 

10-« 

D 47 D 72 

D 47 D 47 

D 45 D 45 

Virulence controls 




(no scrum) 

10-^ 

D45 

D45 

D40 

10-7 

D45 

D45 

D45 

10-® 

D4S 

D45 

D45 


* The serum of a rabbit immunized with ceUobiose antigen and showing the 
highest precipitin titre for the homologous test antigen was chosen for this e.’:- 
periment. 


The results of these e.xperiments indicate clearly that rabbits im- 
munized with the cellobiuronic acid antigen acquire definite resistance 
to intradermal infections with a virulent strain of Tjqje III Pneumo- 
coccus. Animals injected with the ceUobiose antigen, on the other 
hand, show no resistance whatsoever. 

DISCUSSION 

Irom the results of our immuno-chemical studies on uronic acid 
antigens, the concept has gradually evolved that it might be possible 
to confer on c.xpcrimental animals immunity to pneumococcus infec- 
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tion with an artificial antigen containing a simple saccharide as tlie 
immuno-specific group instead of the more complex bacterial polysac- 
charide itself. Earlier studies showed that artificial antigens containing 
the azobenzyl glycosides of glucuronic and galacturonic acids, tliough 
reactive in antipneumococcal sera, failed to stimulate in various species 
of experimental animals immunity to pneumococcal infections (1 b). 
The reason for this failure may be attributed to the fact that the 
hexose uronic acids do not approximate closely enough in structure 
the aldobionic acids which constitute the fundamental building stones 
of certain of the type specific pol 3 '^saccharides of bacterial origin. The 
structural unit of the T}^pe III pneumococcus polysaccliaride is 
cellobiuronic acid (2 a). This aldobionic acid is unusuall)'^ suited for 
testing the hypothesis set forth above, since much of the basic research 
for such a study already has been accomplished, and the acid itself is 
readily procured from the acid hydrolysis products of the bacterial 
polysaccharide. From the results of the present investigation it has 
been proven beyond question that the aldobionic acid, functioning as 
the immuno-specific group of an artificial antigen, evokes in rabbits 
antibodies which have many properties in common with tliose elicited 
by an antigen containing the more complex capsular polysaccharide. 

In a communication presented some years ago from this laboratory 
(3), it was shown that an artificial antigen containing the azobenzyl 
ether of the Type III capsular polysaccliaride evoked in rabbits anti- 
bodies which specifically agglutinated Type III pneumococci, pre- 
cipitated the homologous specific polysaccharide, and protected mice 
against infection with Type III organisms. Not only does the cello- 
biuronic acid antiserum precipitate the Type III capsular polysac- 
charide, when combined with egg albumin (1 c), and agglutinate Type 
III organisms, but the sera of animals immunized with the cello- 
biuronic acid antigen likewise confer passive protection on mice against 
infection with virulent Type III pneumococci. 

It should not be inferred, however, that the antibodies evoked by the 
polysaccharide antigen or by heat-killed Type III pneumococci arc 
identical with those elicited by the cellobiuronic acid antigen. Ihc 
results of the specific inhibition tests presented in the previous com- 
munication (1 c) clearljy demonstrate that the polj'saccharide and 
cellobiuronic acid antibodies are similar but not identical since thej 
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fail to show a complete reciprocal relationship. Furthermore the 
results of the experimental studies presented in this communication 
have brought forth a new and important principle. Whereas the 
antigen containing the complex bacterial Type III pneumococcus 
carbohydrate gives rise to antibodies which are type specific, those 
elicited by the antigen containing the pattern unit, or aldobionic acid 
show a broader specificity for they confer passive protection on mice 
not only against infection with Type III pneumococci but against 
Types II and VIII organisms as well. 

Although cellobiuronic acid antiserum causes agglutination and 
Quellung only with the Type III Pneumococcus it must be borne in 
mind that protection tests are far more subtle than are these gross 
qualitative phenomena and that protection can be demonstrated with 
amounts of antibody which cannot be detected with other techniques. 
Furthermore, it has been proven that cellobiuronic acid is a constituent 
of the Type VIII pneumococcus polysaccharide. For these reasons, 
therefore, it is not out of the question that the protection which cello- 
biuronic acid antiserum affords mice against infection with Tj'pe VIII 
pneumococci can be attributed to the identity in structure of a portion 
of the polysaccharide molecule. The striking results obtained with 
Type II Pneumococcus cannot be explained until a more comprehen- 
sive understanding of the uronic acid constituent of the capsular 
polysaccharide of this microorganism is had. The results of the fore- 
going experiments indicate the importance of ascertaining the e.xact 
constitution of the specific polysaccharides of encapsulated pathogens, 
for it is only through such knowledge that the enigma of their specifi- 
cities will be fully e.xplained. 


SUMMARY 

1. An artificial antigen containing the azobenzyl glycoside of cello- 
biuronic acid gives rise in rabbits to antibodies which: (a) give the 
Ncufcld reaction and agglutinate Type III pneumococci, (6) confer 
passive protection on mice against infection with Tjqjes II, III, and 
VIII pneumococci. 

2. Rabbits immunized with the artificial cellobiuronic acid antigen 
acquire active resistance to infection ndth \drulcnt T>-pe III pneu- 
mococci. 
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3, The antibodies evoked by an antigen containing the azobenzyl 
glycoside of cellobiose exhibit none of these phenomena. 
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ARTIFICIAL MAINTENANCE MEDIA FOR CELL AND 
ORGAN CULTIVATION 


I. The Cultivation of Fibroblasts in Artificial and 
Serumless Media* 

By LILLIAN E. BAKER, Ph.D., and ALBERT H. EBELING, M.D. 

{From the Laboratories of The Rockefeller Instihiie for Medical Research) 

Plate 19 

(Received for publication, November 23, 1938) 

The importance of developing artificial media that can be used 
in the place of serum for maintaining the life of tissues and organs 
outside the body hardly needs to be emphasized. Many of the stud- 
ies for which the organ culture technique' was developed, as well as 
others that can be carried on by the simpler methods of tissue culture, 
depend for their success on the creation of suitable artificial media. 
These media are needed to reduce the cost of experimentation, to 
make possible extensive cultivation of human organs and those of 
small animals from which serum in sufficient quantity cannot be 
obtained, and for all studies in which the production of serum and 
other protein substances is to be investigated. For the latter pur- 
pose, media that arc serumless and free from protein will be re- 
quired. But for other work media that contain serum as one con- 
stituent may be used. 

Several artificial media designed to promote rapid growth of cells 
in tissue culture have already been described.^-' But these are not 

* Reported in brief in Proc. Soc. Exp. Biol, and Med., 1938, 39, 291. 

' Carrel, A., and Lindbergh, C. A., Science, 1935, 81, 621. Lindbergh, C. A., 
J. Exp. Med., 1935, G2, 409. Carrel, A., /. Exp. Med., 1937, 66, 515. Carrel, 
A., and Lindbergh, C. A., The culture of organs. New York, Paul Hoeber Inc 
1938. 

’ B.akcr, L. E., and Carrel, A., /. Exp. Med., 1926, 44, 503; 1928, 47, 353, 371; 
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suitable for studies in which the functioning of organs and tissues is to 
be investigated. For such studies media that will maintain cells 
without promoting growth are required. The pupose of this report is 
to describe media devised for this purpose, and the results obtained 
when they were used to sustain the life of a pure strain of fibroblasts 
in vitro. Experiments in which they were used for organ cultiva- 
tion will be described in another communication. ‘‘ 

Composition of the Media 

In the course of this work many different media with varying com- 
binations of constituents have been used. For the sake of brevit}^ 
only four will be described. Their composition will be given first, 
and then a description of the way in which they can be prepared. 

Medium I . — 


Whole blood digest, as described 

further on, 

in amount to give 30 to 60 mg, 

per cent nitrogen 



Serum 

2 or 

3 per cent 

Phenol red 


5 mg. " “ 

Tyrode’s solution 



Medium II . — 



Whole blood digest to give either 

■ 30 or 60 mg. per cent nitrogen 


per 

lOO cc. 

Cysteine hydrochloride 

9.0 

mg. 

Insulin 

0.1 

unit 

Thyroxine 

0.001 mg. 

Hemin 

0.004 mg. 

Vitamin A( containing some Df 

100.0 

units 

dissolved in serum 



Vitamin Bi 

0.1 

gamma 

Vitamin 

3.4 

gammas 

Ascorbic acid 

0.3 

mg. 

Glutathione 

1.2 

mg. 

Glucose 

200 to 300 

mg. 

Phenol red 

5.0 

mg. 

Potassium iodide 

0.13 

mg. 


Salts as in Tyrode’s solution 

< Some e.^eriments in which organs have been cultivated in these media have 
already been described by Carrel, A., and Lindbergh, C. A., The culture of organs, 

New York, Paul Hoeber, Inc., 1938. ... 

® The vitamin A was prepared from haliver oil and contained 1 unit vitamin 

D for each 5 units of vitamin A. 
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Many of the constituents used in this medium were selected be- 
cause they had previously been found either by Vogelaar and Erlich- 
man- or by Baker- to prolong the life of cells in artificial, growth- 
promoting media. The concentrations of the individual constituents 
have been adjusted to those that seemed best suited to maintenance. 

To bring the vitamin A into a form in which it could be taken up 
by the cells, it was dissolved at high concentration in serum. Then 
a small amount of this serum, about 0.07 per cent, was used in the 
medium. 


Medium 77/.®— This contained all the constituents listed under medium II 
and in addition; 

per JOO cc. 


Trj'ploph^-ae 5 to 10 mg. 


Witte’s peptone to give 

6.0 

mg. nitrogen 

Sodium glycerophosphate 

57.5 

mg. 

Urea 

2.4 

mg. 

Glycerine 

0.2 

cc. 

Thymus nucleic acid’ 

20.0 

mg. 

Antuitrin 

0.2 

cc. 

Adrenalin chloride® (1 : 1000) 

0.1 

cc. 

Eschatin (suprarenal® cortex hormone) 

0.1 

cc. 

Pitressin® (pituitary hormone) 

0.1 

cc. 


Medium IV . — This contained all the constituents used in medium III with 
the exception of the vitamin A. It was, therefore, a serumless medium. 

Freparolion of Ihc Blood Digcsl . — ^Approximately 700 cc. of cow blood is obtained 


® Though many experiments have been made in the course of this work, with 
the individual constituents, to ascertain the nature of the substances needed and 
the concentrations at which each should be used, it was not always possible to 
arrive at final conclusions. Thus, nucleic acid was incorporated in medium III 
on some evidence obtained with it in simpler media but, after the completion of 
the c.xpcnments described here, some additional experiments of rather short 
duration were made in which medium III was used -with and without the nucleic 
acid. These experiments indicated that nucleic acid at the concentration used 
made the cells more granular than they were when it was omitted. Probably, 
therefore, with further experimentation, it will be possible to devise media that are 
simpler and still more satisfactory- than those developed thus far. 

■ The authors are indebted to Dr. P. A. Lcvenc of The Rockefeller Institute, 
who was kind enough to prepare and furnish this substance. 

' Excellent results have been obtained with the whole thyroid gland in a 
medium containing only 1/5 of this quantity of hormone. 
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from the slaughter house. Coagulation is prevented during delivery by having 
the blood collected in a bottle containing 50 mg. of heparin® dissolved in 20 cc. 
of Ringer’s solution. 450 cc. of this blood is shaken with 225 cc.^® of chloroform 
and placed in an incubator at 37°C. overnight. The next day the solidified mass 
is broken up, either by macerating it in a mortar, or passing it through a meat 
chopper. It is then diluted with distilled water to a volume of 6 liters, n/1 
sodium hydroxide solution is added in quantity sufficient to bring the pH of the 
mixture as measured by the glass electrode to 10.2.^^ Then 10 gm. of Armour’s 
pancreatin is added and the mixture is incubated for 24 hours, being shaken at 
half hour intervals during the first few hours. The next daj’’, alkali is again 
added to bring the pH to 8.3. Then 4 gm. more pancreatin is added and digestion 
is continued without further adjustment of pH for 2 days. After this, the mix- 
ture is filtered through glass wool, and then through filter paper. The volume 
of the filtrate is measured, and trichloracetic acid is added in quantity sufficient 
to make its concentration 2.5 per cent. After standing at room temperature for 
16 hours, the clear, supernatant fluid is siphoned off, and the remaining cloudy 
fluid centrifuged. The siphoned fluid and that obtained on centrifuging are 
combined and boiled in an open basin to approximately half their original volume. 
This destroys the enzyme, decomposes the trichloracetic acid, and removes the 
chloroform. The cryoscopic point is determined and the fluid made isotonic by 
addition of salt or water as required. Total and amino nitrogen determinations 
are made and the fluid is sterilized by autoclaving. The ratio of amino to total 
nitrogen of digests so prepared varies from 0.42 to 0.45. Samples of the digest 
saturated with ammonium sulfate show only the faintest trace of precipitate. 

Preparation oj Medium I . — To prepare 250 cc. of medium, calculate the amount 
of blood digest required to furnish 75 or 150 mg. nitrogen (t’.c., 12.5 or 25 cc. 
of a digest containing 600 mg. per cent nitrogen). Add to this 5 or 7.5 cc. homol- 
ogous serum and 1.25 cc. of a 1 per cent solution of the sodium salt of phenol red. 
Then dilute with Tyrode’s solution to 250 cc. 


® Obtained from the Connaught Laboratories, Toronto. 

225 cc. of chloroform were used in making the digest for this work. A sub- 
sequent experiment has shown that by reducing this quantity to 50 cc., a digest 
of the same characteristics is obtained. Thus, when a given lot of blood was 
divided into two parts, one of which was treated with 225 cc. of chloroform, and 
the other with 50 cc., the following analytical results were obtained: Total nitro- 
gen in the first digest, 439 mg. per cent; and in the second, 451 mg. per cent. 
Ratio of amino to total nitrogen, 0.445 in the first, and 0.477 in the second. As 
yet no comparative tests of these digests for their ability to support cell life have 
been made. 

“ In case a glass electrode is not available, it is advisable to add the pancreatin 
before adjusting the pH, and then to add n/ 1 NaOH solution until the mixture is 
just alkaline to phenolphthalcin paper. 
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Preparalion of Media II, III, atid 7F.— Stock solutions containing the most 
stable and inexpensive constituents at concentrations four times as great as those 
desired in the final medium are prepared first. These stock solutions are sterilized 
by passing them through a Berkefeld filter. They may be preserved at ice box 
temperature for 4 or 5 weeks. Solutions of the less stable and more e.xpensive 
constituents are prepared in small quantity at frequent intervals. These are 
combined from time to time with small amounts of the stock solution to make the 
complete media. For organ cultivation, it is advisable to prepare a liter or more 
of the stock solution at a time. For culture work, much smaller quantities are 
advised. The freezing point of the medium should be determined before it is 
used and should lie between —0.62 and — 0.66°C. The pH should be adjusted 
between 7.4 and 7.6. All media when completed should be sterilized by Berkefeld 
filtration. 

To Prepare I Liter of Stock Solution for Medium II . — Calculate the volume of 
blood digest required to give 1200 or 2400 mg. nitrogen as desired (i.e., 400 cc. 
of digest containing 600 mg. per cent nitrogen if a final medium containing 60 mg. 
per cent nitrogen is to be used). Measure out this volume and add; 


Solution of sodium salt of phenol red, 1 per cent 20.0 cc. 

Insulin, Squibb’s (10 units per cc.) 0.4 cc. 

Thyroxine-hemin solution containing 1 mg. thyroxine and 4 mg. 

hcmin in 100 cc. 4.0 cc. 

Potassium iodide, 2.8 per cent, diluted with water 1 : 100 18.6 cc. 

Double strength Tyrode’s solution 22.2 cc. 

Cysteine hydrochloride, solid 360.0 mg. 

Isotonic sodium bicarbonate solution, 1.4 per cent 6.8 cc. 


Then dilute to 1 liter with TjTode’s solution modified to contain 300 mg. per 
cent glucose. 

To Prepare 250 Cc. of Medium //.—Take 62.5 cc. of the stock solution just de- 
scribed and add: 

CC. 

Ascorbic acid-glutathione solution (sec below) 1.5 


Vitamin Bj (0.1 mg. per cent solution betaxin) 0.25 

Vitamin Bj (1.0 rag. per cent solution riboflavin) 0.85 

Vitamin A scrum, containing 1400 international units per cc. 0.18 

(or that amount calculated to furnish 250 mtemational units) 

Then dilute to 250 cc. with TsTodc’s solution conUining 300 mg. per cent glucose. 

To Prepare 1 Liter of Stock Solution for Medium III . — Calculate the volume of 
blood digest needed to supply 2400 mg. nitrogen (or 1200 mg. nitrogen, if a final 
medium containing 30 mg. per cent nitrogen is desired). Add to this: 

Tr>-ptophane 200 or 400 mg. 

Solution of sodium salt of phenol red, 1 per cent 20.0 cc 

Insulin, Squibb’s (10 units per cc.) q 4 

Thyroxine-hemin solution containing 1 mg. thyroxine and 
4 mg. hcmin in 100 cc. 4 0 cc 

Cysteine hydrochloride, solid 360 0 m" 
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Potassium iodide, 2.8 per cent solution diluted 1:100 with 


water 

18.6 cc. 

Urea 

96.0 mg. 

Vitamin Bi (0.1 mg. per cent solution betaxin) 

4.0 cc. 

Vitamin Bj (1.0 mg. per cent solution riboflavin) 

13.6 cc. 

Witte’s peptone, 7.5 per cent solution in water 

24.S cc. 

Sodium glycerophosphate 

2.3 gm. 

Glycerine, Kahlbaum’s sp. gr. 1.23 

8.0 cc. 

Glucose 

3.0 gm. 

Sodium bicarbonate 

270.0 mg. 

Water, triple distilled 

243.0 cc. 


Then dilute to 1 liter with a Tyrode’s solution from which the glucose has been 
omitted, and which contains sodium chloride at a concentration of 7.78 gm. 
per liter. 

To Prepare 250 Cc. of Medium III. — Take 62.5 cc. of the stock solution just 


described and add: 

Ascorbic acid-glutathione solution 1.5 cc. 

Vitamin A serum containing 1400 international units per cc. 0.18 cc. 

(or that amount calculated to furnish 250 international units) 

Antuitrin, Parke-Davis 0.5 cc. 

Adrenalin chloride,® 1 : 1000 solution 0.25 cc. 

Pitressin,® pituitary hormone, Parke-Davis 0.25 cc. 

Eschatin,® suprarenal cortex hormone, Parke-Davis 0.25 cc. 

Thymus nucleic acid dissolved in Ringer’s solution with the aid 
of a few drops of n/1 NaOH 50.0 mg. 

Wateri- 7.0 cc. 


Then dilute to 250 cc. with Tyrode’s solution containing 300 mg. per cent glucose.'® 

Phenol Red 1 Per Cent Solution of the Sodium Salt. — Weigh 1.000 gm. of phenol 
red. Grind this in a mortar with 28.2 cc. of exactly n/10 NaOPI solution until 
it is all dissolved. Dilute to exactly 100 cc. with water, using a part of the water 
to transfer the dye to a graduated flask. 

Thyroxine-Hemin Solution {Prepared as Described by Vogclaar and Erliclnnan).^ 
— To 5 mg. thyroxine, add 6 cc. absolute alcohol, 2 cc. of 1 per cent NaOU, and 
2 cc. w’atcr. Boil down to 3 cc. Add water to 10 cc. Then add 20 mg. hemin. 
Dilute 1:50 with water to obtain a solution having 1 mg. thyroxine and 4 mg. 
hemin in 100 cc. 

Double Strength Tyrodc’s Solution.— A solution containing all the constituents 
of Tyrode’s solution at twice the usual concentration. Sterilize by filtering. 

Tyrodc’s Solution Modified to Contain jOO 3fg. Per Cent Glucose.— Follow 

The stock solution for medium III is hypertonic. Therefore water is added 
in making the medium. The stock solution cannot be made isotonic unless the 
volume of digest required does not c.xcecd 554 cc. 
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directions for making ordinary Tyrode’s solution, reducing the sodium chloride 
to 7.78 gm. per liter and increasing the glucose to 3 gm. Sterilize by filtering. 
It is sometimes convenient to make this solution "without adding the glucose since 
such a solution can be preserved for a few days in the ice box -without filtering. 
Then the glucose may be added as each stock solution or medium is made. 

Ascorbic Acid-GMatliione Dissolve 40 mg. glutethione (Hoffman- 

La Roche) and 10 mg. crystalline "vitamin C (natural, Abbott Laboratories) in 
20 cc. Ringer’s solution. Sterihze by passing through a 1 inch Berkefeld filter. 
The presence of glutathione is necessary to stabilize the vitamin C and protect it 
from oxidation. The solution should be made fresh every 10 days or 2 weeks and 
preserved in the ice box. 

Wille’s Pepione Solution, 7.5 Per Cent.— 15 gm. of Witte’s peptone is added to 
200 cc. triple distilled water in a pressure bottle. Then this is autoclaved for 15 
minutes at 30 pounds pressure or 15 pounds gauge pressure. 

Vitamin A Serum . — ^To prepare -vitamin A serum, a potent concentrate of 
vitamin A must be obtained. This may be prepared as described by Baker'® 
or it may be obtained commercially.''' As soon as this concentrate is received, it 
should be divided into small lots of approximately 0.75 cc. each, and sealed in 
small tubes under an atmosphere of COj. 

Before the -vitamin is incorporated in the medium, it must be dissolved in 
serum. To do this, place approximately 0.5 cc. of the concentrate in a small 
Erlcnmeyer flask and add 30 cc. of serum. Shake the flask violently for 20 or 30 
minutes in a shaking machine so as to obtain a finely di'vided suspension of the 
vitamin concentrate. Then allow the mixture to stand overnight at room tem- 
perature. The next day, filter the serum through a Seitz clarifying filter, and then 
sterilize it by passing it through a 1 inch Berkefeld filter. Sera containing as 
much as 1800 to 2600 international units of -vitamin A per cc. may be obtained 
in this way. The amount dissolved varies with the individual sera and the species 
of animal from -which it is taken. 

To protect the vitamin A serum from oxidation it is divided into portions 1 to 
2 cc. in volume, distributed in small glass tubes, and sealed under COj. If all the 
ox>-gcn is removed, the vitamin serum -w-ill retain its original potencj- for 3 or 4 
months. When the serum is kept in stoppered tubes without remo-ving the ox>'- 
gen, approximately half the sntamin is lost in a ■week, hloreover, the resulting 
oxidation product is somewhat toxic. 

The concentration of rdtamin A in the serum may be determined by a method 
worked out in this laboratorj' by La Rosa. The procedure depends on the 
development of the U-pical blue color of the Price-Carr reaction. This is changed 
to a purplish red color on heating. The latter color is compared with a series of 

'* B.akcr, L. L., Proc. Soc. Exp. Biol, and ifed., 1935, 33, 124. 

" That used throughout this work was prepared and donated for this purpose 
by the .-Sbbott Laboratories. 
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standards made up of sodium alizarin sulfonate. Details of the method are 
described by Parker.^® 

General Procedure Used in Testing the Media 

The procedure used in testing these media for their ability to maintain fibro- 
blasts was as follows: Cultures from a 26 year old strain of chicken heart fibro- 
blasts were embedded in Carrel D-3 flasks in coagula containing 0.25 cc. chicken 
plasma and 0.75 cc. of the medium being used. To remove the serum from this 
coagulum, the cultures were washed on the following day and every 2 days there- 
after for 2 hours at 37°C. with 2 cc. of the medium. Then this wash fluid Avas 
withdrawn and 0.5 cc. of new medium was supplied. The serum originallj' present 
in the coagulum disappeared under this treatment within 12 to 14 days.^° The 
washing was continued, nevertheless, throughout the entire period of cultivation. 
Before the flasks Avere sealed, the pH of the medium Avas brought to 7.4 b}' using 
a gas mixture containing 3 per cent COo, 21 per cent O 2 , and 76 per cent Nj. To 
ascertain the effect of the various media, the cells were examined microscopically 
at frequent intervals. Then, at the end of the cultivation period, AA'hich extended 
from 43 to 56 days, the vitality of the cells and their ability to proliferate Avere 
tested by transplanting them into a groAVth-promoting medium (plasma and em- 
bryo juice). A sister colony was cultivated in each case in a control medium the 
nature of Avhich is indicated under each experiment. 

RESULTS 

Medium I . — When tested in the manner just described, medium I 
was found to be an excellent maintenance medium. Fibroblasts culti- 

Parker, R. C., The methods of tissue culture, Ncav York, Paul B. Hoeber, 
Inc., 1938. 

To determine the length of time required to remove all this serum, a large 
number of coagula Avere prepared in Carrel flasks using several different samples 
of plasma diluted AA'ith Tyrode’s solution to 25 per cent concentration. Then 
these AA’ere Avashed with Tyrode’s solution in e-xactly the same manner as the 
cultures Avere Avashed Avith tlie medium. Each washing Avas folloAved by an incu- 
bation period during which 0,5 cc. of Tyrode’s solution remained on the coagulum. 
After the third, fourth, fifth, sixth, and seventh AA’ashings some of the coagula 
Avere ground and the expressed fluid AA’as analyzed for nitrogen. The organic 
matter AA’as destroyed by digesting AA'ith sulfuric acid and hydrogen peroxide in 
the presence of selenium oxj'chloridc, and the ammonia A\’as determined by ness- 
lerization. It Avas found that approximateb’ tAvo-thirds of the serum Avas rc- 
moA’ed by each AA'ashing and incubation period. After five Avashings, nitrogen 
equiA’alent to 0.001 cc. of serum AA’as found. After seven AAashings, the largest 
amount of serum found Avas 0.0002 cc. Therefore, it is probably safe to assume 
that the serum is reduced to a negligible quantity by the end of 12 days cultiva- 
tion, and is completely removed soon after the end of the 2nd Avcck. 
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vated in it remained alive and in good condition for 43 days.^'^ Dur- 
ing the first few days, i.e., while considerable serum was still present 
in the coagulum, the cells proliferated at a very slow rate. After the 
concentration of the serum was reduced to that of the nutrient fluid, 
they were maintained with little or no proliferation. Then, when a 
little plasma was added on the 43rd day, to reinforce the coagula, 
the cells began to proliferate again. Control colonies that were cul- 
tivated in blood digest and Tyrode’s solution died soon after all the 
serum had been removed from the coagulum. The colonies kept in 
digest supplemented with serum at 1 per cent concentration lived 



Text-Fig. 1. Experiment 10816-C. Comparison of the rate of growth and 
the duration of life of fibroblasts cultivated in blood digest, supplemented with 
1, 2, and 3 per cent scrum, with that of sister colonies cultivated in blood digest 
without serum. Nitrogen concentration of the blood digest, 60 mg. per cent. 
The increase in growth on the 43rd day is due to patching the coagula with a 
small amount of plasma. Radius in mm. X 16. 

longer than those kept in digest alone, but not as long as those that 
received serum at 2 or 3 per cent concentration with the digest. 
Photographs illustrating the condition of the cells that were culti- 
vated in blood digest alone, in blood digest supplemented with 1 
per cent serum, and in blood digest supplemented with 2 and 3 per 

'• In another experiment in which blood digest and Tyrodc’s solution were 
the only substances supplied in the nutrient fluid but in which the coagulum was 
reinforced once in 2 or 3 wcclis by adding 2 drops of plasma, the tissue remained 
alive and in goorl condition for 70 days and proliferated again on being transferred 
to a growth-promoting medium. 
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cent serum (medium I) are shown in Figs. 1 to 1 Growth curves 
showing the duration of life of these cultures and that of the con- 
trol colonies are shown in Text-fig. 1. 

Medium II . — Chicken heart fibroblasts cultivated in medium II 
lived for 50 days. The control colonies, cultivated in blood digest 
diluted with Tyrode’s solution to the same nitrogen concentration 
as that used in the medium, died during the 3rd week of cultiva- 
tion. The cells in the experimental medium remained in good con- 
dition for 6 weeks. During the 7th week of cultivation, tlie cells at 
the periphery of the colony became somewhat scattered and began to 
look starved. As it seemed probable that longer cultivation in this 
medium would not be feasible, the colonies were transferred on the 
50th day to a new coagulum and given growth-promoting nutrients. 
Active proliferation ensued. It would seem, therefore, that this 
medium can maintain the cells for a considerable time, but not indefi- 
nitely. Photographs illustrating the condition of the cells in medium 
II when made with digest at a nitrogen concentration of 30 mg. per 
cent, and also when containing digest at a nitrogen concentration of 
60 mg. per cent, are shown in Figs. 2 a and 2 h. Growth curves 
showing the duration of life of colonies cultivated in these media and 
that of sister cultures kept in digest and Tyrode’s solution are shown 
in Text-fig. 2. The second curve in each case is that of the e.xpcri- 
mental colony after it was transplanted and given a growth-promoting 
medium. 

Medium III . — This was devised in an attempt to improve medium 
II. Four of the ten new constituents that were added, antuitrin, 
tryptophane, Witte’s peptone, and sodium glycerophosphate, were 
found, when added separately to medium II, to improve the nutritive 
and maintenance value of that medium. Beneficial action was also 
observed with the other six substances when they were used together. 
But the differences observed when eacli was tested separately were too 
small to constitute definite proof that tlicy were all essential, lo 
illustrate the effect of the complete medium, an experiment is cited 
in which a comparison was made of the maintenance of power of 
medium III and that of medium II already improved by the addition 
of antuitrin and tryptophane. Sister colonies of fibroblasts were 
cultivated in these two media for 49 days. Almost from the begin- 




Text-Fig. 2. Experiment 10835-C. Comparison of the rate of growth and 
duration of life of fibroblasts, cultivated in artificial medium 11, with that of sister 
colonies cultivated in blood digest and TjTode’s solution, showing gro-wth of the 
former after transplantation on the SOth day into a growth-promoting medium. 
Nitrogen concentration of the blood digest, 30 and 60 mg. per cent. 



Text-Fig. 3. Experiment 10915-C. Comparison of the rate of growth and 
the duration of life of fibroblasts cultivated in artificial medium IT to which 
anluitrin and tryptophane have been added, •nath that of sister colonies culti- 
vated in artificial medium III showing growth in all cases in medium III and in 
some cases in medium II after transplantation on the 56th day into a growth- 
promoting medium. The increase in the rate of growth on the 49th day was 
due to patching the coagulum with a small amount of plasma. Nitrogen con- 
centrations, 30 and 60 mg. per cent. 



Ti.XT-I iG. 4. Experiment 11004-C. Cur\-e showing the rate of growth and 
duration of life of a colony of fibroblasts cultivated for 56 davs in an artifidal 
and scrumless medium (medium 1\-), shorring growth after tknspbntation on 
the 62nd d.iy to a growth-promoting medium. Nitrogen concentration 60 m- 
per cent. ' 
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ning of the experiment, the colonies in the more complete medium 
presented a better appearance. The tissue was tliicker and the cells 
larger and clearer than were those cultivated in the simpler medium. 
In the experiments in which the digest was used at a nitrogen con- 
centration of 60 mg. per cent, an exceedingly slow growth was ob- 
served. After 7 weeks of cultivation, the cells in the simpler medium 
began to look starved, as the)'' had in the experiments with medium 

II cited above, while those in the more complete medium still seemed 
to be well nourished. On the 49th day, a small amount of plasma 
was added to reinforce the coagula. The colonies that had been 
given the more complete medium responded to this treatment by 
increasing in size. Those given the simpler medium did not respond. 
On the 56th day, the colonies were transferred to new coagula and 
given growth-promoting nutrients. All of those that had been cul- 
tivated in medium III grew actively, while only 25 per cent of those 
that had received the simpler medium were able to proliferate. 
Growth curves showing these results are reproduced in Text-fig. 3. 
Photographs illustrating the condition of the cells in medium III are 
shown in Fig. 3. 

Medium IV . — This medium is serumless. It differs from medium 

III only by the omission of vitamin A and that small amount of 
serum that was required to dissolve it. Vitamin A had been incor- 
porated in media II and III because it is a normal constituent of 
serum and because it had also been found to be an essential constit- 
uent of artificial, growth-promoting media. But no evidence indi- 
cating that it is essential to maintenance has been obtained. To 
ascertain, therefore, if it, and the serum that had been used to dis- 
solve it, might be eliminated from the maintenance medium, an e.v- 
periment was made in which sister colonies of fibroblasts were culti- 
vated in medium III made up with and without vitamin A. The 
colonies that were kept in the serumless medium lived for 56 days. 
And the cells within those colonies remained a little cleared and ap- 
peared to be in better condition than those that had the vitamin and 
serum at their disposal. On the 56th day of cultivation, a little 
plasma was added to reinforce the coagula. Then on the 62nd day 
the cells were transplanted and given a growth-promoting medium. 
Those that had been maintained in the scrumlcss medium as well as 



LILLIAN E. BAKER AND ALBERT H. EBELING 


377 


those that were given the medium containing the vitamin responded 
by proliferating actively, A curve showing the duration of life and 
the slow growth of one of the colonies in the serumless medium is 
reproduced in Text-fig. 4. The second and third curves show the 
growth of this colony on tw'o successive transfers. A photograph il- 
lustrating the condition of the cells cultivated in the serumless me- 
dium is given in Fig. 4. As will be seen, the cells in this medium 
have become quite large and show less polarity than those in the other 
media. However, when the}’’ were transplanted and given growth- 
promoting nutrients, they reverted immediately to their original 
form. 


SUMMARY 

Several media designed for maintaining the life of cells and organs 
outside the body have been described. Cultures from a pure strain 
of fibroblasts have been maintained in these media in vital condition 
and with little or no proliferation for periods varjdng from 43 to 
56 days.*® One of these media is very simple, inexpensive, and easy 
to prepare; and one is serumless. 

*® 12 to 14 days should be deducted to calculate the time the tissues lived in 
the absence of scrum. 
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EXPLANATION OF PLATE 19 

Fig. 1 0 . Control culture. Fibroblasts cultivated 32 days in blood digest and 
Tyrode’s solution, showing degenerated cells. X 206. 

1 b. Fibroblasts cultivated 32 days in blood digest, Tyrode’s solution, 
and 1 per cent serum, showing cells in the process of degeneration. X 206. 

1 c. Fibroblasts cultivated 38 days in blood digest, Tyrodc’s solution, and 
2 per cent serum (medium I). X 206. 

1 d. Fibroblasts cultivated 38 days in blood digest, Tyrode’s solution, 
and 3 per cent serum (medium I). X 206. 

Nitrogen concentration of the blood digest, 60 mg. per cent in each case. 

Fig. 2 a. Fibroblasts cultivated 37 days in medium II containing the blood 
digest at a nitrogen concentration of 30 mg. per cent. X 206. 

2 b. Fibroblasts cultivated 32 days in medium II containing the digest at 
a nitrogen concentration of 60 mg. per cent. X 206. 

Fig. 3. Fibroblasts cultivated 32 days in medium III containing blood digest 
at a nitrogen concentration of 60 mg. per cent. X 206. 

Fig. 4. Fibroblasts cultivated 56 days in a serumlcss medium (medium IV), 
containing the blood digest at a nitrogen concentration of 60 mg. per cent. X 206. 
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ANTIGEN PREPARED FROM THE MONKEY PARASITE 
PLASMODIUM KNOYTLESI 
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{From the Laboratories of the Iniernalional Health Division of The Rockefeller 

Foundation, New York) 

(Received for publication, November 23, 1938) 

The development of specific complement-fixing antibodies in the sera 
of monkeys infected with the malarial parasite Plasmodium knowlesi 
has been reported in a previous paper (1). Attempts to obtain a 
similar specific complement fixation reaction with sera from human 
beings with Plasmodiutn vivax and Plasmodiwn falciparum infections 
have, in the past, led to inconclusive results because no sensitive, 
specific, and easily standardized antigen w’as available. The intense 
infection produced in rhesus monkeys by P. knowlcsi provides an 
abundant source of parasites for the preparation of an antigen which 
gives a definite and specific reaction wfith malarial sera from monkeys. 
This paper will describe the use of this P. knowlesi antigen in comple- 
ment fixation tests with sera from human beings infected with P. 
hiou'lesi and also with the sera of those infected with P. vivax and 
P. falciparum. Because most of the human sera tested came from 
patients being treated for paresis by malarial therapy, it was necessary 
to eliminate certain non-specific reactions. This necessitated the 
preparation of antigens of the greatest possible specificity and the 
performance of many control tests with luetic and normal sera from 
persons with no malaria, and tests with antigens prepared from normal 
monkey cells. After the selection of a suitable antigen the intensity 
and duration of the complement fixation reaction due to malaria was 
studied. 

The litcralurc concerning various serological reactions in malaria and other 
proto.-oal infections of man and animals has been rcvicv.-cd in previous papers 
(1, 2). In relation to the present studies the work of Kingsbura- (3) on comple- 
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ment fixation in human malaria is of particular interest. This author used anti- 
gens prepared from the blood and internal organs of human beings with heavy 
P. vivax and P . falciparum infections. The most sensitive and specific antigen 
was obtained by laking washed parasitized blood corpuscles. With tlie antigens 
prepared from P . falciparum 48 per cent of the falciparum sera and 50 per cent of 
the vivax sera gave positive reactions. With P. vivax antigen 31 per cent of the 
falciparum sera and 67 per cent of the vivax sera gave positive reactions. These 
results indicate that the complement-fixing antibody is not species-specific. 
Kingsbury reported non-specific reactions due to differences in blood group of 
the antigen and the serum, and a considerable proportion of doubtful or positive 
reactions between luetic sera and all the antigens, especially those made from 
spleen, cerebral cortex, and liver. The question of serological reactions between 
malarial antigens and luetic sera has been reinvestigated during the course of 
the present work. There are many reports of positive reactions between Wasser- 
mann or Kahn antigens and non-luetic malarial sera. As many as SO per cent 
of sera tested at the height of the acute malarial infection have given positive 
Wassermann or Kahn reactions when these same sera tested before the inocula- 
tion with malaria were negative (4). Other investigators have denied that 
malaria per se will cause a positive Wassermann (8, 9). 

Materials and Methods 

Antigens. — Tests with four different malarial antigens will be described in 
this paper. Two of these were prepared from the blood and two from the spleens 
of monkeys dying of acute infection with P. knowlesi. The parasitized blood 
cells were concentrated, frozen, dried, and preserved in sealed tubes according 
to the methods described in a previous paper (1). The spleens were dried in a 
similar manner. Details of preparing the antigen solutions follow. 

Antigen 1 was prepared from dried parasitized blood cells by rehydrating the 
dried equivalent of 1 cc. of packed cells with 10 cc. of saline. The resulting 
suspension was then frozen and thawed four times, centrifuged, and the super- 
natant used as antigen. 

Antigen 2 was prepared as previously described (1) from dried parasitized cells 
by grinding in a ball mill and extracting with saline. The proportion of dried 
cells to saline was the same as for antigen 1. 

Antigen 3 was prepared from dried spleen in the same wa}’ as antigen 2, using 
1 gm. of dried spleen to each 10 cc. of saline. 

Antigen 4 was prepared from dried spleen by rehydrating with saline in the 
proportion of 10 cc. to each gram of dried material and freezing and thawing as 
with antigen 1. 

In addition to these malarial antigens, an antigen was prepared from normal 
monkey red cells in the same way as antigen 1. This antigen was used for a nor- 
mal control in the tests with malarial sera. It is designated as antigen N. 

Antigen 1 was not anticomplcmentary undiluted and was used in the tests at a 
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dilution of 1:4, Antigen 2 was slightly anticomplementary undiluted and was 
used at a dilution of 1 : 10. Antigen 3 was definitely anticomplementarj' undiluted 
and was used at a dilution of 1 ; 10. Antigen 4 was anticomplementarj at a dilu- 
tion of 1:2 and was used at a dilution of 1:12. Antigen N was not anticomple- 
mentary undiluted. None of these antigens showed any hemolytic properties 
when tested with sensitized sheep cells. 

Sera.— Practically all of the tests described in this paper were made with sera 
from patients with paresis who were being treated by induced malarial infections 
with P. knowlesi, P. vivax, or P. Jalciparum. Part of the sera were collected by 
us at the Manhattan State Hospital, and part were furnished by Dr. hlark F. 
Boyd of the Station for Malaria Research at Tallahassee, Florida. Nine non- 
luetic malarial sera were also sent by Dr. Boyd. Specimens were taken during 
the clinical attack and at various times up to 6 or more months afterward. From 
twelve patients series of samples were taken at intervals before, during, and 
after the malarial attack. Many of the patients, especially those with vivax and 
jalciparum malaria, were treated with quinine after the first course of malarial 
paroxj’sms. Luetic sera from patients presumably free of malaria were collected 
at various clinics in New York Cit>’. 

Method of Performing the Complement Fixation Test. — The tests with human 
sera were made by the same procedure as that already described in detail for 
monkey sera (1) except that 2 units of complement were used instead of 2J units 
as for the monkey sera. This makes the test with human sera somewhat more 
sensitive. Except where it was desired to know the titer, the sera were not run 
at various dilutions but only in amounts of 0.1 cc., and the results were recorded 
as ±, +, -f-b, -b4-+i and -b-b-b-b, according to amount of unhemolyzed 
cells remaining. 

Standardization of Antigens by Serological Measurements of the Relative Amounts 
of Specific and Non-Specific Material. — ^In complement fixation tests with malarial 
sera requisites of a suitable antigen arc: (a) low anticomplementar>' activity, 
(6) relatively low content of non-specific material, and (c) relatively high content 
of specific malarial antigen. For the purpose of measuring the relative amounts 
of specific (malarial) and non-specific (monkey) antigens in preparations of 
parasitized blood and parasitized spleen, a method of serological titration was 
devised. The specific antigen was titrated against hyperimmune monkey scrum. 
In this reaction non-specific factors may be considered negligible. The amount 
of reactive monkey protein was measured by titration against the serum of a 
rabbit immunized with normal monkey crythroc>-tcs. The method and results 
arc illustrated in Table I where two antigens, one from blood and one from spleen, 
arc compared. 

With the anti-monkey (rabbit) scrum, antigen 4 gives fixation of complement 
at a dilution which is at least four times the highest dilution of antigen 1 which 
pves a positive reaction. With the antimalarial (monkey) scrum, antigen 4 
is slightly less reactive than antigen I. 

This indicates that antigen 4 contains more non-specific material (monkey 



382 


COMPLElVrENT FIXATION IN HUMAN MALARIA 


protein) per reacting unit of malarial antigen than does antigen 1. Also, antigen 
4 is more anticomplementary than antigen 1. Although it is possible that these 
reactions of complement fixation with monkey and rabbit sera are not entirely 


TABLE I 

Measurements of Relative Amounts of Specific (Malarial) and Non-Specific 
(Monkey) Antigens in Parasitized Blood, Parasitized Spleen, and 

Normal Blood 


Serum 

Antigen 

No. 

Dilution of antigen 

1:2 

1:4 

1:8 

1:16 

1:32 

1:64 



Anti-monkey (rabbit) 1:8 

1 (blood) 

++++ 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b 

-b 

— 

- 

" “ 1:8 

4 (spleen) 

++++ 

-b-b+-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

■-b-b-b-b 

-b-b-b 

" “ 1:8 

N (blood) 

-b-b-b-f 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b 

-b-b 

- 

Antimalarial (monkey) 1:10 


-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 


- 


- 

“ “ 1:10 

4 (spleen) 

-b-b-b-b 

-b-b-b-b 

-b-b-b-b 

-b-b-b 

=i: 

— 



“ “ 1:10 


— 

— 

— 

— 

— 

— 



None (saline) 

1 (blood) 

— 

— 

— 

— 

- 

- 


- 

<i t< 

4 (spleen) 

-b-b-b-b 

db 

— 

— 

— 

- 


— 


N (blood) 

— 

— 

— 

— 

"" 

— 

Bi 

““ 


TABLE n 


Tests for Complement Fixation by Malarial Antigens with Luetic and Normal Sera 


Antigen No. 

Sera 

Total 
number 
of sera 
tested 

1 Reactions, per cent of total 

Source 

Wassermann 

-b-b to 
-b-b-b-b 

-b 


- 

1 (blood) 

Lues 

Positive 

39 

3 

5 

15 

77 

<( tt 


Negative 

13 

8 

8 

8 

76 

t4 H 

Normal 

if 

37 

0 

8 

11 

81 

2 (blood) 

Lucs 

Positive 

31 

0 

13 

10 

77 

U <( 


Negative 

13 

0 

8 

15 

77 

3 (spleen) 

<< 

Positive 

29 

35 

13 

17 

35 

<C (( 

(( 

Negative 

13 

16 

8 

16 

60 

(( H 

Normal 


53 

8 

6 

8 

79 

4 (spleen) 

Lues 

Positive 

33 

6 

9 

15 

70 

(( (i 

it 

Negative 

13 

8 

16 

8 

6S 


comparable to reactions with human scrum, this method appears to be useful as 
a preliminary test for selecting a suitable antigen, and it eliminates the time- 
consuming process of testing many antigens against many human sera, hur- 
thermore, the results with this method are confirmed by the tests with human 
sera shown later in Table II and I'ig. 1. 
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In Table I it may be seen that antigen N prepared from normal monkey 
erythrocytes reacts to a slightly higher titer with the anti-monkey serum than 
did antigen 1 -which was prepared in the same way from parasitized cells. In the 
complement fixation tests with human sera both antigens were used at a dilution 
of 1:4. The sensiti-vity of antigen N to substances reactive with the monkey 
cells should, on the basis of the results with rabbit serum, be slightly greater than 
the sensitivity of antigen 1. In this -way false positive reactions due to constit- 
uents of the red cells can be detected. 

The standardization of malarial antigens and of normal control antigens can 
be accomplished with reasonable accuracj' when the methods just described are 
used in conjunction with tests against malarial and non-malarial human sera. 
When a new preparation of antigen is made, this is compared -with the old anti- 
gen by parallel tests, and the concentration is then adjusted so that the new anti- 
gen gives reactions of similar sensiti-vity and specificity. 

Tests of Malarial Antigens for Non-Specific Complement Fixation with 
Luetic and Normal Human Sera 

The four malarial antigens, prepared as described in the section on 
materials and methods, were tested -with normal human sera and 
with Wassermann-positive and Wassermann-negative luetic sera. 
For the most part, each individual serum was tested -with each of the 
four antigens. However, in some cases there was only enough serum 
to do tests with two or three of the antigens. The results of these 
complement fixation tests are summarized in Table II. 

Antigens 1 and 2, prepared from parasitized blood cells, gave less 
frequent and weaker positive reactions than antigens 3 and 4, pre- 
pared from malarial spleens. Only two sera gave reactions stronger 
than + with antigen 1, and none of the sera tested gave reactions of 
-h -f or greater with antigen 2. With antigens 1 and 2 approximately 
the same percentage of + and ± reactions occurred -w’ith luetic as 
with normal sera. With antigen 3 a larger number of positive re- 
actions was obtained -with Wassermann-positive than -with Wasser- 
mann-negative luetic sera, and the percentage of positive reactions 
with normal sera was considerably lower, being about the same as 
with antigens 1 and 2. These results indicate that antigen 3 con- 
tained considerable amounts of substances which fix complement in 
parallel with the Wassermann reaction. Antigen 4, also prepared 
from spleen, did not give a greater percentage of positive reactions 
with Wassermann-positive than with Wassermann-negative luetic 
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sera, but the proportion of positive reactions with these sera was 
slightly higher than was given by antigens 1 and 2 from blood. 

It will be seen that antigen 3 cannot be considered reliable for tests 
with malarial sera which come from patients suffering from paresis, 
because of its reactivity with non-malarial luetic sera. The other 
three antigens gave less cross reaction with luetic sera, and witli 
these antigens a reaction of ++ with serum in amounts of 0.1 cc. or 
less could be considered significant. 

Serological Reactions of Normal Monkey Red Cells with Normal, Luetic, 

and Malarial Human Sera 

Several investigators have recorded an agglutination of the red cells of rhesus 
monkeys by some human sera. This is apparently due to hetero-agglutinins not 
related to the human blood groups or to the Forssman antigen (5). In the pres- 
ent work, some of the patients with P. hmvlcsi infection had been inoculated 
with the infected blood of rhesus monkeys, and their sera showed definite aggluti- 
nation of monkey cells. The presence of normal hetero-agglutinins in human 
sera apparently accounted for several other examples of strong agglutination 
occurring after 2 hours at 37°C. and numerous instances of weaker agglutination of 
monkey cells which occurred only after 24 hours in the ice bo.x. It was, of course, 
necessary to determine to what extent these reactions affected the complement 
fixation with monkey antigens and human sera in the detection of malarial anti- 
bodies. 

The results of complement fixation tests with the antigen prepared from normal 
monkey erythrocytes and with human sera from normal individuals and patients 
with syphilis and malaria are presented in Table III. The antigen was prepared 
and standardized for sensitivity by titration against anti-monkey rabbit serum 
as described in previous sections, and was used at a dilution of 1:4. Of the total 
of 150 sera tested, only one gave a reaction greater than -J- in an amount of 0.1 
cc. with the normal monkey antigen. In the incidence of positive (-1-) and doubt- 
ful (±) reactions there was no important difference between luetic sera giving 
a positive Wassermann, those giving a negative Wassermann, and the normal 
sera. In the three series of malarial sera the percentages of positive and doubtful 
reactions were considerably higher than with the non-malarial sera. This sug- 
gests that malarial infection stimulates the production of hetero-antibodies which 
react with normal monkey cells, and in two or three cases the apparent develop- 
ment of such antibodies at low titer during the course of the malarial paroxysms 
was obsen^ed in patients who had not received monkey blood. Tliese observa- 
tions demonstrate the importance of using, in complement fixation tests for 
malaria, a control antigen made from normal cells in the same way and used 
at the same effective dilution as the malarial antigen. 

On twenty-one non-malarial sera and twenty-eight malarial sera, agglutin.a- 
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tion and complement fixation tests with normal monkey cells were run in parallel. 
Of the total of forty-nine sera, twenty-eight (fourteen in each group) gave nega- 
tive reactions in both tests. With five malarial sera and five non-malarial sera, 
the agglutination test was positive and the complement fixation test negative, 
and with nine malarial and one non-malarial sera both tests were positive. One 
serum gave weak complement fixation but no agglutination. These results indi- 
cate that with a fair proportion of sera the hetero-antibodies that cause aggluti- 
nation of normal monkey cells react weakly or not at all in the complement 
fixation test. 


TABLE m 

Tests for Complement Fixation by an Antigen Prepared from Normal Monkey Red 
Cells (Antigen N) with Normal, Luetic, and Malarial Human Sera 


Source ol sera 

Total 
number 
ol sera 
tested 

Reactions, per cent of total 

++ to 
++++ 

-1- 


- 

Normal 


0 

6 

6 

88 

Lucs (Wasscrmanti-positivc) 


0 

3 

10 

87 

Lucs (Wassermann-negative) 

13 

0 

8 

0 

92 

P. knovlesi infection and lues 

25 

0 

12 

24 

64 

P. ttror infection and lues 

22 

0 

14 

23 

63 

P.faleiparum infection and lues 

14 

7 

7 

29 

57 


Deleclion of Pscudoposilive Reactions with ‘^Normal” Antigen 

According to the results which are presented in Table III, strong 
complement fixation reactions due to the antigens in normal monkey 
cells arc rare. Consequently, strong reactions with a malarial antigen 
prepared from parasitized red blood cells may be considered significant. 
When the reaction with malarial antigen is weak or doubtful, the 
control with normal antigen is of value in eliminating a certain number 
of false positives. 

In Table IV arc presented results showing the relative intensity of 
false positive reactions using normal and luetic sera wth normal 
monkey blood and the four prcxlously described malarial antigens. 
Only those sera which gave a definitely positive reaction with more 
than one antigen arc included in the table. In general, pscudopositive 
reactions were more frequent and stronger with the antigens prepared 
from spleen than with the antigens prepared from blood. Three 
sera, Gz, Ml, and Rg, were exceptional in gi\’ing positive reactions 
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with the blood antigens and negative reactions with the spleen an- 
tigens. Of the fourteen sera which gave positive or doubtful reactions 
with the malarial antigens prepared from parasitized red cells, six 
also gave reactions of similar intensity with the antigen N, prepared 
from normal red cells. Two sera, Gs and Gz, gave strong pseudo- 
positive reactions with the antigens from malarial blood but none \vith 

TABLE IV 


Rdalive Intensity of False Positive Reactions with Various 
Malarial Antigens and Normal and Luetic Sera 


Human 

serum 

Antigen N 
(blood) 

Malarial antigens 

Wasserroann 

1 

(blood) 

2 

(blood) 

3 

(spleen) 

4 

(spleen) 

Bi 


— 

— 

4- 

4-4- 

4- 4-4-4- 

FI 

— 

+ 

dr 

4-4- 


+ 

Gs 

_ 

-h-t- 

— 

4 — 1- 


-f-l— f-f- 

Ha 



— 

4-4- 

db 

-h-h-f- f 

Lk 

— 

rb 

— 

4-4- 

— 

4- 4- 4- 4- 

Lm 

— 

— 

— 

4-4- 

4- 

+ 

HjTH 


— 

dr 

-l'4-4--f 

-1-4- 4- 4- 

4- 4- 4- 4- 

Pc 


— 

— 

4-4- 

dz 

4-4- 

Ss 



4- 

-t-4--b 


4-4-4- 4- 

Do 

— 

— 

— 

4- 

+ 

— 

Gz 

— 

4-1-1- 

+ 

— 

— 

— 

Ml 

+ 

4- 

— 

— 

— 

— 

Pr 

± 

zk 

dr 

4-4- 

-f-4--l- 

— 

Bs 

— 



4-4-4- 

4- 

Normal scrum 

Gr 

— 

— 


4- 

4-4- 

(( *i 

K1 

— 

4- 


+ + 

4-4- 

tt t( 

Lr 

+ 

4- 


4- 

4- 


Rg 

+ 

4- 


— 

— 


Z1 

— 



4-4-4-}- 

4- 1 



the antigen from normal blood. Nine sera gave strong false positi^c 
reactions with one or both of the spleen antigens but no reaction at 
all with antigen N. From these results it is evident that the control 
tests run with antigen N arc of value in eliminating about half of the 
false positive reactions when parasitized blood is used for the test, 
but such controls are of little value in eliminating the more frequent 
false positive reactions wdth spleen antigen. 








HOKROE D. EATON AND L. T. COGGESHALL 


387 


Complement Fixation with P. hiowlesi Antigens and Sera from Patients 
Infected with P. hiowlesi, P. vivax, and P. falciparum; Sensitmiy 
and Specificity of the Antigens 

Complement fixation tests v/ith sera from paretic patients receiving 
malaria therapy were done with four antigens prepared from the blood 
or the spleens of monkeys dying of P. hiowlesi infection. The results 
are summarized in Fig. 1. Control tests with antigen N, prepared 
from normal monkey erythrocytes, were run in parallel with the tests 
of the malarial sera with antigen 1. Several sera gave weak positive 
reactions of equal intensity with antigen 1 and antigen N. These 
were recorded as negative. WTien the reaction with antigen 1 w^as + 
or ++ and that with antigen N ±, the result was recorded as doubt- 
ful. Stronger reactions with antigen 1 w'ere recorded as -fi- to 
-f-h-f-f , depending upon whether the reaction with antigen N was 
negative, ±, or -t-. Similar controls with antigen N were run with 
the luetic and normal sera from patients with no malaria, and in the 
corrected results shown in Fig. 1 about one-third of the pseudopositive 
reactions have been eliminated.* Antigens 2, 3, and 4 were tested 
with the same sera as antigen 1, but no control tests with normal 
antigen w'cre done. The results with these antigens have, therefore, 
been recorded as positive or negative, regardless of what reaction the 
sera gave with antigen N. 

From the results showm in Fig. 1, it is ob\ious that antigens pre- 
pared from P. hiowlesi fix complement not only with homologous 
antisera but also with sera from P. vivax and P. falciparum infections. 
In fact, antigens 2 and 4 gave a higher percentage of fixation with 
rifa.t and falciparum sera than with hiowlesi sera. Antigens 1, 2, 
and 4 gave significantly higher percentages of positive reactions with 
the three kinds of malarial sera than with sera from normal individuals 
or from those with sv’philis alone. Antigen 3 gave a relatively high 
percentage of strongly positive reactions with hiowlesi and tirax 
sera, but tlrcrc were also many cross reactions with the luetic and 
normal sera. Although antigens 2 and 4 gave relatively few positive 
reactions with non-malarial luetic sera, the positive reactions with 

’ The rcfiills for antigen 1 recorded in Table II include all of the positive reac- 
tions nith this antigen, irrespective of the reaction of these sera with antigen X. 
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malarial sera were generally weaker than those of antigens 1 and 3. 
With the malarial sera taken as a group, antigen 1 was superior boUi 
in specificity and sensitivity to the other three antigens, and with the 
homologous axiti-knowlesi sera this antigen gave the highest per- 


Ibn K V F L N 


cent 


24 22 16 52 37 



Antigen 1 (Blood)^ 
Dilution l'-4 


K V F L N 
22 25 16 42 53 




Il 

II- 

I 


1 

1 



Antigen 3 (Spleen) 
Dilution 1 : 10 


Pen K V F L 


cent 


15 21 12 44 



Antigen 2 (Blood) 
Dilution l‘-10 


K V F L 



Antigen 4 (Spleen) 
Dilution l’-12 


I I Keg, -with 0.1 cc. serum 
± " 0.1 cc. " 


+ with 0.1 cc. serum 
4f to+H+with. 0.1 cc. serum 


■X Percentages corrected for false positive reactions 
with N monKcy cells. 

Fig. 1. Specificity and sensitivity of four malarial antigens in complement 
fi.'^ation test with human sera. Letters and numbers at heads of columns indicate 
kind and number of sera tested. K., sera from P . kucnvlcsi infection and lues; \ , 
sera from P. vivax infection and lues; F, sera from P. fakiparnm infection and 
lues; L, luetic sera, no malaria; N, normal sera. 
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centage of strongly positive reactions. This superiority of antigen 1 
was also evident before the results were corrected for reaction with 
normal monkey cells (see Table 11). 

Sera from patients without sj'philis but infected with P. 'dvax, 
P. falcipartm, or both, were tested with antigens 1 and 3. Of the sis 
sera tested with antigen l,-i-+to+ + 4-+ reactions were obtained 
with four sera, one was negative, and one gave doubtful reactions with 
both antigen 1 and antigen N. Of the nine sera tested with antigen 3, 
reactions with three sera were ++ to + + ++, with two were +, 



1 i Neg.vith Olco.aerum^^+tO'H- vith 0.1 to 0.05 cc. serum 

± » O.lcc. " liiilHl +to4W-vith 0.025 to 

0.0125 cc. serum 

Fig. 2. Complement fi.sation reactions with sera collected at various inteivals 
after infection with P. h:ov.'lcsi. 

and four sera were negative. This scries is too small to draw any con- 
clusions c.xccpt that definite complement fixation may be obtained 
with sera from patients ha\ing malaria alone. 

Duralioti of Posilhc Comphmcnl Fixalion after Infection 
Tilth Plasmodium knoriiesi 

Tlic results of complement fixation tests with the sera of the twenty- 
four patients with P. knarvlcsi infection tested with antigen 1, as 
shown in Fig. 1, and, in addition to these, sera taken from six othci 
patients at various intciwals after infection, have been arranged ac- 
cording to time in Fig. 2. Xinc sera tested at the time of inoculatioii 
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gave completely negative results. The percentage of positive re- 
actions reaches a maximum about 1 to If months after inoculation 
when all of the ten sera tested were positive, and seven of these gave 
strong reactions in amounts less than 0.05 cc. After 4 months the 
number of strongly positive reactions diminishes rapidl}^ and most of 

TABLE v 


Tests Jor Plasmodium knoxvlcsi Injection hy Inoculalion of Monkeys with Blood and 
by Complement Fixation with Scrum 


Patient 

Time after infection 

Result of inoculating 
monkey 

Complement fijcation 
test 

Bf 

mos* 

1 

+ 

-f-f 

Gt 

2.5 

0 

— 

Wi 

2.5 

0 

+++ + 

Lx 

2.5 

0 

-1-1-1- 

Jn 

2.5 

0 

-f-f + 

D1 

2.5 

0 

+ 

R1 

3 

0 

■l--l--l--f 

Pc 

3.5 

0 

+-l-l-f 

Fz 

4 

+ 

+ -1- + 

Ws 

4 

0 

± 

Sn 

4.5 

0 

± 

pj 

7 

0 

— 

Pc 

7 

0 

-f-k 

Lo 

7 

0 


Fo 

8 

0 

— 

Wk 

9 

0 

+ 

Sr 

9 

0 

— 

Lo 

11 

0 

— 

Ce 

11 

0 

+ 

Pn 

12 

0 

+ + + 


= fatal infection with P. kimulcsi. 


0 = no infection. 

the results are moderately positive or doubtful. No strong reactions 
with less than 0.05 cc. of serum were obtained after 6 months. 

Studies on the duration of P. knowlcsi infections in man (6) have 
revealed that blood smears, after being positive for about 1 week, 
usually become negative 12 to 31 days after inoculation and remain 
negative after this. Parasitological and clinical relapses have been 
reported (7). For some time after the blood smear has become nega- 
tive, inoculation of 5 cc. of blood into a monkey will produce an acute 
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infection witli -P. kiiowlcst* Tiiis Indicates tliEt the infection in mnn 
passes into a latent phase, detectable only by subinoculation into 
monkeys, which may last as long as 5 months. Twenty samples of 
blood were taken from patients at various times after acute infection 
and tested simultaneously by monkey inoculation and by complement 
fixation. The results are shown in Table V.^ Only two of the bloods 
were positive both by monkey inoculation and by complement fixa- 
tion. Of the eighteen which were negative by monkey inoculation, 
five were also negative by complement fixation, three gave doubtful 
reactions, and ten were positive to various degrees. Two patients. 
Pc and Lo, were tested at two different times after infection. 

Although the results of Milam and Coggeshall (6) with monkey 
inoculations were obtained on a different series of patients, a summary 
of these results in comparison with the results of the present work on 
complement fixation is of some interest. Of twenty-seven patients 
tested at 1 to months for P. knowlesi infection by subinoculation of 
their blood into monkeys, 60 per cent were positive. This compares 
with 100 per cent positive reactions in the complement fixation test 
at 1 to months (Fig. 2). At 2 to 2^ months thirteen patients were 
tested by monkey inoculation and 23 per cent were positive, compared 
with 90 per cent positive in the series tested by complement fixation. 
Sirailarl}'’, at 3 to O J- months 17 per cent of twelve patients were posi- 
tive by monkey inoculation and 74 per cent by complement fixation; 
and at 4 to 12 months 10 per cent of ten patients were positive by 
monkey inoculation, compared with about 50 per cent positive by 
complement fixation. Although the data presented here are in- 
complete, they indicate that the complement fixation reaction may 
remain positive for some time after the presence of infection can no 
longer be detected by inoculation of the blood into monkeys. 

Chauges in the Titer of Complement-Fixing Antibodies during Infection 
until Plasmodium knoudesi or Plasmodium vivax 

The changes in antibody titer in the sera of six patients during the 
cour.<c of acute infection with P. knoudesi arc shown in Fig. 3. The 

-The fcrics of complement fixation tesU represents part of those shown in 
Tij;. 2. 



titei? S Com 



Fig. 3. Changes in complement fixation titer of six human sera before, during, 
id after acute infection with P, knowlesi. 



Months after* inoculation with P. vivsx 

Fig. 4. Changes in complement fi.\-ation titer of five human sera before and 
during infection with P. I'ivax. 
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complement fixation tests were done withi antigen 1, all being set up 
simultaneously. Controls with antigen N were run on each of the 
samples of sera. In some cases weakly positive or doubtful reactions 
were obtained with the normal blood antigen when the titer of com- 
plement-fixing antibodies for the malarial antigen was at a maximu m . 
Corrections were made as described in a previous section of 
this paper. In no case did the titer against the normal antigen go 
above 1:2. 

The titer of complement-firing antibodies reached a max im u m in 
four of the sera between 12 and 30 days after inoculation. In one 
patient the reaction was negative IS days after inoculation, and the 
titer did not reach a maximum until 2 months had elapsed. It will 
be noted that the titer tends to fall off rather rapidly in most cases 
after subsidence of the acute infection. This differs from the results 
with monkeys (1) in which the infection passes into a prolonged 
chronic phase with frequent relapses and the complement fixation titer 
tends to remain at a relatively constant level. 

Similar results were obtained with the sera of five patients infected 
with P. vivax in complement fixation tests with the P. knowlesi antigen 
(antigen 1). From the results shown in Fig. 4 it may be seen that the 
rise in titer is comparable to that resulting from P. knowlesi infection, 
but the subsequent fall in titer appears to be somewhat more rapid 
after the acute infection wth P. vivax. This may be due in part to 
the fact that the patients receiving P. vivax were treated with quinine 
after ten or more paroxj'sms, while those with P. knowlesi usually 
recovered without quinine. 

EJJccl of Absorbing Unman Sera with Normal Monkey Erythrocytes on 
the Complement Fixation Test for Malaria 

If the fixation of complement by human malarial sera and antigens 
from parasitized monkey cells were due to some constituent of the 
red cells, and if the control tests with antigen N failed to reveal the 
antibodies concerned, then, possibly, absorption of the malarial sera 
with normal monkey ciythroc)-tcs might remove the reacting sub- 
stances. Absorptions were done by the usual method on fifteen sera 
from patients witli P. knowlesi or P. vivax infection, using 0.5 cc. of 
packed cells to 1.0 cc. of serum diluted 1:2. The absorpUon was 
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repeated once. In some cases the monkey erythrocytes were agglu- 
tinated by the sera during the first absorption, but in no case during 
the second. The absorbed and unabsorbed sera were then tested 
with malarial antigens from blood and spleen. 

Usually the absorption had no effect on the complement fixation 
with malarial antigen, the titers being undiminished. Examples in 

TABLE VI 


EJfccl of Absorption with Normal Monkey Erythrocytes on Complement Fixation 
with Human Malarial Sera and Plasmodium knowlcsi Antigens 


Patient 

Infecting parasite 

Antigen No. 

Treatment of sera 

Dilutions of scrum 

1:2 

1:1 

1:S 

Fz 

P. knowlcsi 

1 (blood) 

Unabsorbed 

++ 

-1- 

± 

(t 

U 

II It 

Absorbed 

+ -h 


— 

Wt 

It 

<( tl 

Unabsorbed 

+ + + + 

-h-k-h-h 

+ 

(t 

(< 

It tl 

Absorbed 

+ + + + 

— p 

± 

ti 

u 

4 (spleen) 

Unabsorbed 

+ 


— 

ti 

K 

<( (C 

Absorbed 

dr 

— 

— 

Lc 

It 

1 (blood) 

Unabsorbed 

++++ 

+++ 


It 

<< 

It tl 

Absorbed 


-f++ 

— 

H 

It 

4 (spleen) 

Unabsorbed 

+ 

— 

— 

<1 

(I 

« ft 

Absorbed 

— 

— 

— 

Ir 

P. vivax 

1 (blood) 

Unabsorbed 

-f +-f+ 

-k-f + 

-k 

It 

' If 

tl It 

Absorbed 

+++ 

++ 

1 — 

It 

“ 

4 (spleen) 

Unabsorbed 

+++ + 

+ + + 

— 

it 

It 

<( if 

Absorbed 


+ 

— 

Mz 

(1 

I 1 (blood) 

Unabsorbed 

+ 

=i: 

— 

It 

It 

1 If ft 

Absorbed 

+ 

— 

— 

11 

11 

4 (spleen) 

Unabsorbed 


— 

— 

tl 

It 

if ff 

Absorbed 


— 

— 

Al 

tl 

1 (blood) 

Unabsorbed 

+ ■}■ 

+ 

— 

(( 

It 

if if 

Absorbed 

++ 


-*• 

(( 

It 

4 (spleen) 

Unabsorbed 


-k-f 

± 

(( 

II 

ft If 

Absorbed 

+4--h 

-k + 




which slight effects were noted are presented in Tabic VI. It will 
be seen that even with sera giving weak complement fixation, such as 
Fz, Mz, and Al, the effect of absorption with normal monkey cells 
was negligible. With one serum, Lc, the reaction with spleen antigen 
was changed from positive to negative by absorption. With one 
P. vivax serum, Ir, there was a moderate reduction in titer. 
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DISCUSSION V 

In the complement fixation test a positive reaction between any 
serum and a complex material prepared from blood or spleen is a 
summation of the reactions between several antigens and their cor- 
responding antibodies. In this work, we have endeavored to analyze 
all the possible reactions which occur when an antigen, prepared from 
the red cells or spleen of a monkey infected with F. knowlesi, reacts 
with the serum of a human being with malaria and s)^hilis. 

With luetic sera from patients having no malaria, three of the four 
malarial antigens tested gave no higher percentage of positive re- 
actions with Wassermann-positive than with Wassermann-negative 
sera, and antigen 1, prepared from parasitized red cells, was not more 
reactive with luetic sera than with normal sera (Table II). "^Tien the 
reactions of normal and luetic sera with antigens prepared from 
parasitized red cells (antigen 1) and normal red cells (antigen N) 
are compared, it is found that the malarial antigen gives a slightly 
higher percentage of positive reactions with both normal and luetic 
sera, but the differences in reactivity of antigen 1 and antigen N with 
these sera arc not great enough to be verj’ significant. Furthermore, 
the studies of Kingsburj* (3) and our own investigations (1) have shown 
that the malarial antigen cannot be prepared in the same way as the 
Wassermann antigen, namely, by alcoholic extraction of organs. The 
malarial antigen appears to be a water-soluble protein, whereas the 
Wassermann antigen is probably a lipoid. Thus, the malarial an- 
tigen has been shoism to be distinct both chemically and serologically 
from the Wassermann antigen. Certain preparations may contain 
both the Wassermann antigen and the malarial antigen. For ex- 
ample, antigen 3, prepared from malarial spleen, gave a much higher 
percentage of positive complement fixation -^wth Wassermann-positive 
sera than with Wassermann-negative or normal sera. 

Certain human sera contain hetero-agglutinins for normal monkey 
cells, and these antibodies also give a weak complement fixation 
reaction with extracts of frozen and thawed monkey er3'throc\-tes. 
The results shown in Table III suggest that these hetero-antibodies 
arc increased during malarial infection, but the increase in hetero- 
antibodies is not nearly so great as the increase in immune bodies 
which fix complement with the malarial antigen. Absorption of 
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malarial sera with normal monkey erythrocytes reduces the comple- 
ment fixation titer against malarial antigen from parasitized blood 
only slightly or not at all. This indicates that most of the fixation of 
complement obtained with malarial sera is due to malarial antigen- 
antibody reactions and not to reactions of hetero-antibodies with 
constituents of the erythrocytes. 

The discovery that antigen prepared from P. hiowlesi, a natural 
parasite of certain Java monkeys, fixes complement with sera from 
human beings infected with P. vivax and P. Jalciparum is analogous 
to the results of others (3, 10) who found that antigens from P. vivax 
■gave cross reactions with falciparum antisera and vice versa. The 
protective and agglutinative antibodies against P. hiowlesi seem to be 
species-specific (2, 11). There is also considerable evidence that 
general resistance to superinfection with malarial parasites in birds 
(12), monkeys (13), and man (14) is species-specific or even strain- 
specific. In contrast, the complement fixation reaction for malaria 
is group-specific. The possibility that this cross reaction may extend 
to other protozoal infections of man and animals has not yet been 
investigated. 

With P. hiowlesi infections in man, the duration of positive com- 
plement fixation seems to be greater than the duration of tlie active 
infection as determined by blood smears or by subinoculation of tlic 
blood into rhesus monkeys. In man, immunity to superinfection with 
P. hiowlesi persists for a year or more, which may or may not be due 
to continued presence of parasites in the body. The infection in man, 
however, rapidly passes into a latent phase with corresponding diminu- 
tion in the titer of complement-fixing antibodies, while in monkeys 
the repeated relapses stimulate the production of complement-fixing 
antibodies so that the titer is maintained. In natural P. vivax or 
P. falciparum infections in man the disease runs a course similar to 
that of P. hiowlesi in monkeys. Most of the cases of P. vivax or 
P . falciparum infections studied by complement fixation in the course 
of the present work were treated with quinine so that relapses did not 
occur. It is possible,_however, that relapses in human malaria produce 
a rise in the complement fixation titer similar to those observed in 
monkey malaria. The value of the complement fixation test as a 
diagnostic aid in malaria can be determined only after an extensive 
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Study of the reactions of sera from human beings with known malaria 
in places where the disease is endemic. 

SUMMARY 

In the studies of complement fixation described in this paper, the 
antigens were prepared from (a) normal monkey red cells, (&) para- 
sitized red cells of monkeys dying with Plasmodium knowlesi infection, 
(c) the spleens of monkeys dying with PlasmodUim knowlesi infection; 
the sera came from (a) normal human beings, {b) patients with syphilis, 
(c) patients with paresis who were receiving malaria therapy with 
Plasmodium knowlesi, Plasmodium vivax, or Plasmodium falciparum, 
and (d) patients with malaria alone. 

The malarial antigens gave negative complement fixation reactions 
with 70 to 80 per cent of the luetic and normal sera and weak or 
doubtful reactions with the remaining 20 to 30 per cent. With the 
exception of one antigen prepared from spleen, there was no evidence 
that the malarial antigens were more reactive with Wassermann- 
positive than with Wassermann-negative sera. 

Some human sera give weak complement fixation with antigens 
prepared from normal monkey erythrocytes, and the percentage of 
these positive reactions is slightly higher with malarial sera than with 
normal or luetic sera. 

The most sensitive and specific malarial antigen was prepared from 
dried parasitized red cells by extraction with saline, freezing, and 
thawing. This P. knowlesi antigen gives strong complement fixation 
with malarial sera from human beings infected with P. knowlesi, 
P. vivax, or P. falciparum. 

The tiler of complement-fixing antibodies reaches a maximum 
about 1 month after the beginning of the acute infection. At this 
lime all of the P. knowlesi sera tested were positive. After 4 months 
the reaction diminishes rapidly in titer but may remain positive for 
12 months or longer. With P. knowlesi infections in man, the com- 
l^lemcnt fixation reaction remains positive for some time after the 
infection has apparently disappeared as judged by daily smears and 
inoculation of monkeys with the blood. 

Tlie complement fixation reaction in malaria is group-specific rather 
than spcdcs-.-^pecific. Sera from patients infected with P. r-ivax or 
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P . falciparum react in the same way with the P. knowlesi antigen a 
the homologous sera. 

Absorption of malarial human sera with normal monke)'^ erytlirc 
cytes does not remove the immune bodies which fix complement wit 
malarial antigens. 
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The agents called “carcinogenic” act by inducing a protracted tis- 
sue disturbance, on the basis of which discrete tumors of unknown 
cause arise. We have encountered many such growths during experi- 
ments on the action of tar to alter rabbit skin in such a way that 
cancers develop (1) after infection of it with a virus which causes only 
benign papillomas ordinarily (2). A knowledge of the tar tumors 
proved essential to appraisal of this phenomenon and hence their 
study was undertaken. It disclosed the fact that in rabbits such as 
we employed the benign tumors elicited by tar were of two sorts only, 
and these so definite in type as to imply the action of specific causes. 
The commonest sort were papillomas difi'ering distinctively from virus 
papillomas in certain cytological details but closety resembling them 
in cellular derivation, mode of development, general morphologj’’, 
behavior, and fate. The results of a point by point comparison 
made it plain that the unknowm cause of the tar papillomas had 
neoplastic cfTccls like those due to an authentic virus. The present 
paper is concerned with all of these subjects. 

Malcrial and Methods 

Oiir rabbits, procured from New York dealers, ^Ye^c hybrids of the common, 
brown-gray (agouti) type. The tar came from the Oslergasfabrik of Amsterdam, 
and was the generous gift of Dr. Landstcincr. It was smeared on the inside of 
the cars twice a week, for from 2 to 4 months in most instances, with stripping 
of the accumulated layer at cvcr>- third tarring. Over one hundred animals were 
tarretl, monly as controls in ciperiments with virus, and some were kept for many 
later months and sometimes tarred again. 

599 
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Occasionally the tarring caused tumors to appear within the first month, and 
they did so within 3 months in more than half of the animals. They were studied 
by preference soon after they arose, when only a few millimeters broad, before 
they had undergone the secondar}'^ alterations in structure that are frequent when 
tarring is kept up. Numerous biopsies were made, with a sharp cork-borer. All 
the material was fixed at once in acid Zenker solution, since in specimens from 
animals dead only a few hours the finer cytological details underwent change. 
The stains were methylene blue and eosin. 

The Kinds of Tar Tumors 

Tar was the first substance utilized in purposeful carcinogenesis, 
and it was applied to rabbits; but attention soon shifted to mice as 
a more favorable material. The large literature has been several 
times reviewed (3), and we have recently summed up the gross effects 
of the tar employed in our animals (1). It caused benign tumors 
early and frequently, yet gave rise to cancer only after man}’’ months 
and then but seldom. 

Microscopically the tumors fell into four well defined categories: 

1. Common Papillomas . — Yamagiwa and Ichikawa (4) termed these growths 
stalked and broad-based folliculo-adenomas, and noted that the latter were tlic 
more aggressive, with carcinomas sometimes originating from them. Both sorts 
were very frequent in our animals (Table I) ; and they were found to have essen- 
tially the same cytological characters and to grade into each other. They were 
made up of stratified squamous epithelium, thick and obviously abnormal yet 
keratinizing in an orderly way, supported upon narrow connective tissue cores or 
fingers, which occasionally branched (Figs. 5, 7, 40). Tliey first appeared as 
small, subepidermal mounds which later became discrete, superficial growths of 
conical, cauliflower, or onion shape, or else, — when maceration had occurred be- 
neath the tar, — raw, fimbriated discs or hassocks. The keratinized epithelium 
was tenacious, often building high. When tarring was kept up the aggressive 
growths extended sideways and often downwards in blunt epithelial foldings and 
tongues, with result that they had a broad base. The shape of indolent ones 
depended on the changes occurring in the underlying connective tissue. When it 
proliferated greatly they sometimes became tangential, fleshy spheres, while 
through its secondary contraction thej’ often became constricted at the base 
(Fig. 1) or stalked or pedunculated. Persisting broad-based growths cventuall) 
underwent similar changes, save in the occasional instances in whicli they became 
malignant. Papillomas that had been many times tarred often reached a diameter 
of several centimeters, and then as a rule they consisted almost cntirelj of con 
nective tissue. Sometimes their weight gradually pulled them out into pendulum 
form after tarring was left off, and not a few were tom away while others contractor 
into mere tabs as result of sclerosis. 
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If tarring was left off soon after the papillomas appeared, most of them vanished 
rapidly. Those that were left dried down, often to mere scabs until reconstituted 
from beneath, and many lost the fleshy character, becoming horns or dry cauli- 
flowers. They tended to persist in proportion to the general changes induced in 
the skin, and when these had been great, new papillomas often arose. If tarring 
had been kept up for many months, until they were numerous and crowded, 
maceration and bacterial Infection often persisted later, furthering their enlarge- 
ment, and occasionally the aural orifice became blocked with pultaceous matter 
and the animal died of sepsis. Large papillomas tended to persist because their 
core of sclerotic connective tissue could not be resolved; but sometimes their papil- 
lomatous epithelium was ultimately replaced by smooth, non-neoplastic epidermis. 


TABLE I 


Relative Frequency of the Benign Tar Tumors: Dependence of the Carcinoid 
Form upon Tarring 


Group 

Number 

o( 

rabbits 

Period o{ 
Urring 

Further 
period after 
tarring 

Papillo- 

mas 

Transi- 

tional 

growths 

Apparent 

caremo- 

mas 

(card- 

Doids) 

Frai 

boms 

Total 

growths 


■i 

icyt 

iayt 


number 

number 

number 

number 

A 


54-118 

2-40 

so 

10 

64 

5 

129 

B 

■1 

61-121 

57-259 

93 

2 

0 

13 

108 


The growths tabulated came from groups of animals tarred for the same general 
length of time, but differing in that the tumors were not procured from one group 
until long after tarring had been stopped. Only growlhs which were examined 
microscopically arc listed, and in some animals they formed but a small proportion 
of the total number. The basis of the classification is given in the text. The frill 
horns could be readily identified in the gross, and every one seen was taken for 
section. Carcinoids also were often recognizable as such, and a greater proportion 
of them were examined than of papillomas. It follows that frill horns were actu- 
ally much rarer than the figures indicate, and carcinoids somewhat less common. 

The p.apillomas have often been pictured. The several hundred that we have 
studied microscopically differed not a little in general pattern. Some were com- 
plclcly supcrfici.ll and regular, with widely spaced papillae and dry keratin be- 
tween; others had many crowded peaks; others extended down in broad tongues 
that keratinized secondarily, often becoming cystic; while others still broke up 
along the base into what appeared to be anaplastic, squamous cell carcinomas 
Yet .Icspitc this diversity the cells of all, so long as thev remained benign papil- 
lom.is mamfened identical crMlitotirc alterations (Figs. 33 and 35), and whenever 
diffcrentuition and kciatinization took place it was in the same way. The minute 
hi'itological findings will be described further on. 
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Z. Frill Horns. ^Though possessed of a distinctive morphology, these growths 
have not heretofore been reported. They were seldom more than 3 ram. across 
at the base, 3 'et were readily recognizable in the gross because they built up into 
narrow, cylindrical or strap-shaped, curved or twisted horns (Figs. 8 , 9), often 2 
to 4 cm. high, of the same diameter everywhere, usually cream-colored but some- 
times light or dark gray, and always dry nearly to the skin level. Here w'as a 
slightly bulging, fleshy collar covered with epidermis stretched smooth. 

The frill horns arose at the same time as the papillomas, but were infrequent 
(Table I). Usually there were several when any. Though appearing wholly 
superficial, they burrowed slowly, and ineffectually, their epithelium e.^tending 
downwards in a jagged, crescentic frill (Figs. 10, 11), which advanced so gradually 
as to be effectively barred from the cartilage by reactive connective tissue prolifera- 
tion. Very occasionally a fold in the frill mimicked a papillomatous finger. Its 
living layer was not so thick as in papillomas, and stained deeper with metliylenc 
blue. The individual cells were irregularly po^’-gonal, with birdseye nuclei, and 
they became larger when differentiating, and keratinized abruptly without pre- 
liminary granulation or flattening (Fig. 12). The keratinized material stained 
pink or red with the eosin and methylene blue stain, whereas that of tar and 
virus papillomas failed to color or took on a faint blue; and the nuclei of the cells 
newly dead stippled the keratinized material with dark blue, oval dots, which 
faded later. In the gross the horns were close-te.xtured, horizontally laminated, 
sometimes with an ill-defined, vertical striation, and microscopically their kera- 
tinized material appeared dense, shorving none of the loose, reticular pattern, 
indicative of old cell boundaries, which is visible in papillomas. The connective 
tissue underneath the growths, like that under papillomas, showed only chronic 
inflammatory changes, with a scattering of macrophages and lymphocytes. Con- 
tinued tarring had little effect to render the epithelium disorderly, and when it 
•was discontinued the horn nearly always went on growing, unlike most papillomas, 
and sometimes new ones appeared (compare frequency in groups A and B of fa- 
ble I) . Retrogression was noted only once. 

3. Carcinoids . — A large proportion of the tumors appearing early had the 
morphology of squamous cell carcinomas (Figs. 13, 14, 16, 18), yet when tarring 
was left off they vanished or assumed a benign form (Figs. 17, 19). These were 
the growths generally termed carcinoids (5). Often they were markedly invasi\c 
at first (Fig. 15), their cells straggling down individually, or penetrating in narrow 
strands through a reactive connective tissue which was sometimes mucoid like 
that elicited by many squamous cell carcinomas; and not infrequently they ex- 
tended through lacunae in the cartilage to the outside of the ear, forming mounds 
there which ulcerated. They could usually be recognized in the gross, being 
raised, raw, ragged discs with infiltrating edges (though papillomas occasionally 
assume this form), or else raised, discoid ulcers as much as 1.5 to 2 cm. in diameter. 
Yet even when proliferating within lymphatics (Figs. 15, 18) they never metasta- 
sized; and though tarring was kept up they did not continue to grow destnictiveiv 
but eventually took on gross forms like those of old papillomas, or else retrogressed. 
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Repeated biopsies showed that the supporting connective tissue had proliferated 
actively, walling oS the growths, and that in proportion as this happened their 
epithelium ceased to invade, underwent diBerentiation, and in most instances 
became papillomatous (Figs. 16, 17), though cell islands of carcinomatous aspect 
occasionally persisted. Frequently the deeper epithelium rounded up into cj'sts 
filled with keratinized material (Figs. 18, 19) and lined with a stratified squamous 
layer devoid of neoplastic features; but in other instances all the deep cells kera- 
tinized, died, and were eventually resorhed. Those carcinoids which disappeared 
did so in these ways, save in an unique instance of a growth dying en masse without 
differentiation, as if from some intercurrent malady. Carcinoids which appeared 
early, before the tarring had effected great cutaneous changes, generally vanished 
soon after it was left off, whereas when the skin had undergone much alteration 
they often persisted, either as papillomas or cysts. 

The earlier ohservers, conceiving that the carcinoids were cancers, followed 
with intense interest the various retrogressive changes here described (6), and these 
have been many times figured. Some workers attributed them to the associated 
connective tissue alterations whereas others held that this could not e.vpiain them. 

The papillomas of animals tarred 2 to 4 months not infrequently broke up 
along the base into what looked to be carcinomas (Table I, Transitional Growths). 
Yet when tarring was left off these all underwent one or another of the changes 
just described. The figures of Table I show that a wholesale disappearance of 
carcinoids took place then. Amongst 129 growths of 18 rabbits, e.vamined 2 to 
40 days after the last tarring, 64 had the morphology' of squamous cell carcinomas 
and 10 were transitional growths. Among 108 tumors procured 61 to 121 
daysafler the last larringof IScomparable animals, there was not a single apparent 
carcinoma and only 2 transitional growths. All the rest were either papillomas or 
frill horns. Keratinized cysts have not been included in the figures. 

To determine whether the carcinoids would grow in a new situation, pieces of 
10 that were big and actively enlarging were punched out, hashed separately in 
I'yrode solution, and implanted in the voluntary muscle or connective tissue of 
he axilla or groin of the host. Here they behaved as did bits of 19 Ur papil- 
omas treated in the same way, their cells cither differentiating, dying, and disap- 
icaring without sign of growth, or rounding up into pearls lined with stratified 
quamous epithelium (7). Similar results had been reported by Ferrero (8). 
lair follicle epithelium, sebaceous glands, and bits of cartilage, accidentally intro- 
uccd with the implants, survived in the new situations. 

4. Carn'nennjy.— In the early work on the tar cancers of rabbits (4, 6) carcinoids 
cre frequently taken for carcinomas. Recent authors agree that usually the latter 
;vcIop only after tarring has been done for a long time. Guldberg (9) elicited 
ipdlumac after Cl to 140 days in all of 23 rabbits, but carcinomas appeared in 
ily I and not until the 27Cth day of Uarring at the earliest, and in most cases at 
tout the .v''0lh day. Our tar produced nearly alw3y.s a fatal toxemia or liver 
when applied regularly for more than a few months, not sufficiently 
to elicit cancer':, l-fiesc developed, however, in 2 animals tarred again after 
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an interval. Tarring of one of them had been done throughout periods of Si 
and 6 months, the cancer appearing after 21 months in all. The first tarring of 
the other was for 4 months, with later applications for periods of 4 weeks and 
3 weeks. Between the 20th and 22nd months 2 cancers appeared. In both rab- 
bits metastasis took place to a regional lymph node. 

Most tar cancers of rabbit skin are squamous cell carcinomas arising secondarily 
from papillomas (4, 6). The 3 we have studied had this derivation, and the 
metastasis of one was cystic and exhibited the papillomatous form (Fig. 20). The 
literature reports occasional trichoepitheliomas and carcinomas originating from 
sebaceous glands, as also spindle ceU and polymorphous cell sarcomas. 

Effects of Tarring the Tumors 

In a previous paper we have dealt with the influence of continued 
tarring upon the morphology and behavior of virus-induced growths 
(10). It has even more pronounced effects on many of the tar tu- 
mors, and is often the determining factor in their fate. 

Tarring causes acute inflammation of the skin, with chronic changes later if 
the applications are kept up (3). In some of our animals the ears were thick and 
hot when tumors first appeared, and not infrequently a foul maceration had taken 
place under the tar with result that the growths were exposed to bacterial infec- 
tion, while additional opportunities for this were provided by trauma incidental 
to the repeated stripping of the tar. The conditions were such as are known to 
further the growth of tumors generally. In the loose, proliferating connective 
tissue most of the carcinoids grew fast and invasively; and it was frequently 
edematous, not only beneath them but sometimes opposite them on the outer 
side of the ear (Fig. 47). Thither they often extended through lacunae in the 
cartilaginous plate, sometimes by way of the large lymphatics. Ferrero (11) 
has noticed that connective tissue disturbances favor carcinoid activity. The 
papillomas also tended to grow rapidly and irregularly, where the connective tis- 
sue was most disturbed, and sometimes they became anaplastic along the base. 
The frill horns, on the other hand, proved unresponsive to stimulation, as has 
already been stated. 

The continuance of tarring notably stimulated the activity of papillomas and 
carcinoids, and leaving it off had pronounced adverse effects upon them. Unless 
it had been long kept up the skin at once began to revert to the normal, the acute 
inflammation and edema disappearing, the circulation lessening, the connective 
tissue sclerosing, the epithelial proliferation slowing, and the epidermal surface 
drying down and desquamating. The tar tumors dried down too, and most of 
the papillomas disappeared, while the carcinoids vanished as well, or became 
papillomas or cysts. The more rapidly the skin returned to the normal the more 
sweeping was the disappearance of growths. In occasional animals tarring called 
forth tumors verj' early, in 4 to 5 weeks (Fig. 18), and sometimes then the ears 
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were studded with them, many being anaplastic carcinoids as biopsies proved; yet 
if no more tarring W'as done all disappeared within a fortnight. In these cases the 
ears had undergone but slight general changes and rapidly resumed the normal 
appearance. 

Very different was the outcome when tarring had been kept up 3 to 4 months 
or had been done throughout several periods. The ears then remained thickened 
and indurated for many weeks, and scurfy layers formed and reformed on them, 
attesting to persistent epithehal activity. That the other tissues were also in an 
abnormally excitable state was shown by the rapid and complete filling in of 
holes 3 to 10 mm. across which had resulted from punch biopsies. Even though 
the ears presented a normal aspect when the holes were made these closed more 
quickly than usual, sometimes with cartilaginous thickening, while when the skin 
had remained thickened and scurfy not only was healing notably rapid but there 
was often a lumpy overgrowth of cartilage. The conditions thus disclosed were 
obviously favorable to the tumors, as shown by their frequent persistence and 
increasing disorder, and by the appearance in some instances of new ones. They 
proved most likely to persist along the edges and near the tips of the ears where 
trauma acted to prolong the abnormal state of affairs (Fig. 1) ; and foci of inflam- 
mation beneath them or in their stroma frequently aided their course and acted 
to distort their form. Some of these findings are not new, yet all desen'e emphasis 
because they bear upon the riddles presented by the occurrence and disappearance 
of the carcinoids, and the eventual change of papillomas to carcinomas. 

The Place of the Carcinoids as Tumors 

The carcinoids arose at the same time as the papillomas, and exhibited a like 
tendency to disappear after tarring had been left off. They often derived from 
papillomas and those persisting frequently became such, and were then indis- 
tinguishable from growths primarily papillomatous. Some of the carcinoids 
however retrogressed to keratinized cysts, as rarely happened with papillomas; 
but this was only because the latter did not penetrate deep. When they did so, 
or were implanted within the host, the cj’stic form was frequently assumed; 
and the cysts differed in no wise from those originating from carcinoids. There 
was obviously a close relationship between the two sorts of tumors. In seeking 
to understand it certain observations on virus papillomas come to mind. These 
powths often assume a malignant appearance if experimentally stimulated or 
implanted in notably favorable locations, especially if inflammation of bacterial 
origin ensues (12); and yet they arc not true cancers, for they revert at length to 
the papillomatous slate. W'c have termed the phenomenon factitious ir.ali^naticy. 
I'.veiytbing that is known of the tar carcinoids indicates that they arc e.xprcssions 
o! .a factitious malignancy of growths which have intrinsically the nature of tar 
papillomas. Their complete dependence upon tarring for their cancerous form 
.and behavior becomes comprehensible in this light, as docs also their frequent 
derivation from papillomas and tranriomtalion into them, or into kcratiniacd 
cysts such as papillomas may secondarily form. 
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Many carcinoids have a malignant aspect from the first (Fig. 13). Becoming 
visible as small, subepidermal mounds, they grow down from an intact surface 
epidermis or from the epithelial cells of hair follicles; and if tarring is stopped 
they may die by differentiation and keratinization, and be resorbed without 
giving sign of any change to papillomas. The question arises of w'hetlier growths 
of this sort, and those carcinoids of secondary origin which disappear in the same 
way, do not differ intrinsically from the ones which undergo conversion into papil- 
lomas or cysts. The answer is supplied by the course of events when tarring is 
kept up. Then the great majority of the carcinoids keep on proliferating, though 
only to assume the state of papillomas when tarring is eventuall}’^ left off (group A, 
Table I), or, if disappearing, to undergo the same changes as these. It follows 
that such carcinoids as die by keratinization do not differ from tlie rest save in 
having even less ability to maintain themselves. 

All in all the conclusion seems justified that the carcinoids owe their malignant 
aspect and behavior to the effect of extraneous conditions upon growths having 
an intrinsic character which ordinarily finds e.xpression in benign papillomas. 

The greater the acute inflammation of ears on w’hich tar has evoked tumors the 
greater was the proportion of growths exhibiting the carcinoid form. Sometimes 
all showed it for the time being. Yet frequently two tumors situated side by side, 
exposed that is to say to much the same local conditions, were the one a carcinoid, 
the other a papilloma (Fig. 24). The inference seems justified that papillomas 
differ much in their responsiveness to those local influences which result in spurious 
malignancy. 

It has been frequently assumed that tlie carcinoids arc carcinomas brought into 
being and maintained by tarring, and devoid of the power to grow independently. 
Carcinoids differ, however, from true carcinomas, not alone in their inability to 
proliferate independently as such, but in a more significant feature, namely the 
reversible malignancy of their cells. Real squamous cell carcinomas of man have 
been laiown to retrogress on rare occasion, — and they do so by differentiating and 
keratinizing completely (13), as happens with many carcinoids, — but they never, 
like the latter, undergo conversion into benign growths. Carcinomas they remain 
until the last. 

A few of the small tar tumors procured from animals which survived long 
tarring, or wdiich were tarred throughout several periods, were found to have the 
microscopic aspect of cancers, although tarring had been discontinued for many 
months. The general state of the ears was notably pathological, and one may 
assume it to have given unusual encouragement to the persistence of carcinoids; 
yet the development of true cancer, if only in three instances, indicates that the 
apparent malignancy of some of the small growths mentioned may have been real. 

Coviparison of ihc Tar Papillomas '.villi the Virus Papillomas 

The resemblance of virus papillomas to the tar papillomas has already been 
reported upon briefly (14). The virus growths studied had been obtained by the 
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direct inoculation of scarified normal skin, mostly of the animal s side, and in 
consequence they derived from the surface epithelium, and were subjected to 
none of the collateral influences that tarring exerts. Now we have studied many 
papillomas due to the localization of virus out of the blood stream into the skin 
of cars repeatedly tarred, or acutely inflamed by the application of carbon bisulfide, 
as also growths resulting from the direct infiltration of normal ears with the 
inoculum, by way of a vein, with tarring later. Tar has also been applied re- 
peatedly to virus papillomas resulting from tattoo inoculations into normal ears. 
These diverse materials gave consistent findings. Previous experiments had dem- 
onstrated that when skin has been tarred for some weeks prior to infection with 
virus by way of the circulation a considerable variety of tumors results, some of 
them cancers (1). For the present comparison only those virus papillomas were 
utilized which arose under conditions excluding this complication, most of them 
from cars which had been tarred just enough to bring about localization of the 
virus, or from ears which were not tarred until after virus infection had taken 
place. 

Many of the facts to he cited of the tar papillomas are truisms, and no reference 
will be made to the literature substantiating them. The pictures illustrating the 
comparison generally show growths which had not yet undergone the complica- 
tions which result from continued tarring and inflammation of the supporting 
tissues. In other respects they are representative. 

Cellular Derivation . — ^Tar papillomas derive mostly from the epithelium of 
hair follicles, whereas those produced by virus rubbed into scarified skin all spring 
from the surface epithelium (2), as just remarked. But if the virus is thrown into 
the blood stream after one or two tarrings of the ears to insure localization, most 
of the growths arise precisely where the tar tumors begin, namely at the lower 
side of the hair follicles (Figs . 21 , 22) . This is the case also when normal cars arc 
directly infiltrated with virus fluid by way of a marginal vein, and arc tarred a 
few times later to render the inoculum effective (10). As in the case of tar papil- 
lomas the growths arising from the follicles usually begin on their basal side, with 
a proliferation of cells in the stratum germinatisum, resulting in the formation 
of blunt, broad processes (“elephant’s feet”), and a folding inwards of the epithe- 
lium in the papillomatous pattern. 

Morp!wlog\\~On the inside of the car both the tar and anrus papillomas soon 
cnipt and become surface growths. On the outside, though, where the skin is 
not bound tight to the cartilage, they may reach a diameter of 4 to 10 mm. before 
the stretched, shiny epidermis over them dries or gives way. Here they lie 
embedded as more or less flattened acorns or spheres (Fig. 18 b of reference' 15). 
Most of those due to tarring arc creamy or pink, though some are light gray and 
a few <i,ark; whereas the virus papillomas arc much more frequenUv pigmented, 
often d.ark gray or almon black. Both arc opaque toward the center, and here 
they consist of keratinized material formed by a proliferating rind of stratified 
squamous epltliclium of abnormal character (Figs. 23 to 26). This is usually 
tldrle^t wh.crc deepest; and its infoldings arc usually somewhat more numerous 
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and crowded in the virus papiUomas (Figs. 27 to 30),— as would foUow from their 
greater vigor. The pattern becomes more complex as the growtlis enlarge, and 
the epithelium may thrust irregular tongues downwards (Figs. 29, 30), an invasion 
encouraged by continued tarring. 

After they have erupted the papillomas of both sorts become superficial cones, 
cylinders, “cauliflowers,” or “onions,” or they form tall, dry horns. Their kera- 
tinized material is tenacious and builds high. They may consist of it practically 
to the base, or connective tissue processes covered with living epitlielium may 
extend far up into it. The processes branch sparsely (Figs. 4 to 7). As a rule 
virus papillomas proliferate tlie more rapidly and hence are plumper, more fleshy, 
do not dry so far down, or split so frequently into cauliflowers, retaining instead 
the onion or conical shape (Figs. 2, 3). Yet when tar papillomas grow rapidly, 
or virus papillomas slowly on the same ear, they cannot be told apart individually 
in the gross unless they are melanotic, whicli is never the case with actively 
enlarging tar papillomas though frequent with those due to virus (15). 

Under low magnifications the tar and virus papillomas are nearl}' alike (Plate 
20 et scq.), but they differ distinctively in their finer cytolog}’^ (Plate 25). In the 
virus growths the proliferating cells of the stratum germinativum are larger tlian 
normal, with abnormally big, vesicular nuclei (Figs. 32, 34). They get larger 
still as they differentiate, undergo but little flattening in the stratum granulosum, 
and the granules forming there are usually few, and range from small to very 
coarse. The cells of the tar tumors on the other hand, tliough unusually large in 
the stratum germinativum, do not increase further in size, and they flatten in the 
stratum granulosum, appearing fusiform or oat-shaped on cross section, with 
numerous small granules darkening the cytoplasm (Figs. 33, 35). The nuclei of 
the virus papillomas, big and vesicular from the first, increase markedly in size 
as differentiation goes on, and the chromatin marginatcs, whereas in the tar 
papillomas they alter little, though large primarily, and the chromatin remains 
central, giving a birdseye appearance. On keratinization the nuclei of the virus 
growths sometimes become pycnotic for a brief while, in the deep crj'pts between 
the papillae (Fig. 32), whereas those of the tar papillomas usually lose almost at 
once their capacity to stain. The keratinized scales, however, assume the same 
appearance in both instances, their outlines forming a loose reticulum indicative 
of some swelling. Ordinarily they fail to stain with cosin and methylene blue 
though they take the blue if the staining is forced. 

The cells responsible for the gray or black hue of many virus papillomas, and 
of a few of those due to tar, are mclanoblasts for the most part (Figs. 34, 35), 
though the epithelium in the lower part of the proliferating layer often contains 
brown granules.’ The mclanoblasts are frequently black with pigment granules 
which tend to be larger, coarser, and darker colored in the virus growths; and sucii 
cells accumulate much more slowly in the tar tumors, only coloring those which 
enlarge verj' gradually. The exceptional tar papillomas which were almost black 
had become so in the course of months during which they scarcely changed in 
size. Gray tar tumors which begin to grow fast soon become pink. I he prolifera- 
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tion of the melanoblasts of virus papillomas, on the other hand, frequently keeps 
pace with their enlargement, and in consequence they remain sootj' throughout 
months of vigorous proliferation (2). The melanoblasts are no essential constit- 
uent of the growths, however, but are included fortuitously (16), and they may 
sooner or later disappear or be outstripped (17). The same holds true in more 
striking degree of the tar papillomas, and the melanosis is of KsentiaUy the same 
sort. 

Any irritation of the skin of gray-brown rabbits may bring on a graying of 
skin previously pink, and long-continued tarring often r^ults in black freckles 
(Fig. 1), due to aggregates in the corium of chromatophores stuffed with pigment. 
Sometimes the source of this can be traced to a distant tar tumor or patch of 
epidermis containing active melanoblasts or epithelial cells in which pigment is 
abundant. WTiere sooty tar or virus tumors have disappeared a dark patch may 
persist, due to residual melanin in melanoblasts and chromatophores. Such 
patches were especially frequent in the case of the \Trus tumors (Fig. 46), and 
phagoc>’tes dark with pigment were sometimes present in the lymph nodes into 
which they drained. 

The shape of tar papillomas is markedly affected by continued tarring, ilany 
become pedunculated (Figs. 40, 43), the proliferating connective tissue underneath 
the growth lifting it away from the ear. This happens less frequently with virus 
papillomas, because their cells multiply faster, are more aggressive, and hence 
can maintain their original place near the cartilaginous plate. Yet a peduncula- 
tion of virus papillomas may occur, even in the absence of any tarring, if they 
become indolent (Fig. 42) (12), and it often takes place despite rapid enlargement 
when tarring is done (Fig. 39). The likeness to pedunculated tar tumors may 
then be complete at low magnifications (Figs. 39 to 43) as well as in the gross. 
Virus papillomas on the rabbit’s side have never become pedunculated in our 
experience. There the fibrous corium is a thick, tough sheet which does not yield 
to the weight even of huge growths, while furthermore none of our animals 
was tarred in this situation. 

The virus papillomas of some rabbits are fleshy, whereas those of others, 
although doing well, arc dr>' almost to the skin (Figs. 2, 3). This is true also of 
tar papillomas. When growths of both origins coe.xist on the same ears they 
frequently var>- together in such rcspccU, host influences obxnously affecting them 
in the same way. 

Rclrogresstoti. ^When tarring has not produced enduring effects on the skin 
most of the growths due to it drj- down, scab, and the scab comes away lea\-ing 
a smooth scar (1). Some drx’ing down and disappearance take place in any case 
unless the tumors arc crowded and macerating. Most of the papillomas which 
persist become deeply cleft, brittle cauliflowers, or petaloid c.xcrcscences with 
constricted b.ascs. or else horns or narrow cones, dry nearly to the skin. A few 
remain fle-hy, however, and these usually have an onion shape. Some growths 
reconstitute thcmsclve.s from beneath after scabbing. These exhibit no pecubari- 
tres, nor do such papillomas as may appear later. Gcncrallx- virus p.-ipmomas are 
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much less affected by the discontinuance of tarring, as might he expected from 
their great vigor; and many continue to grow rapidly, and remain of onion shape 
or broadly conical. Some, however, assume the cauliflower or petaloid form, or 
become high horns. 

The retrogression of tar and virus papillomas is attended by the same micro- 
scopic changes. When it is very slow the protruding, finger-like papillae become 
fewer and narrower, the layer of living epithehum shallower, the underlying con- 
nective tissue denser, and eventually the mass consists almost entirely of keratin 
(Figs. 42, 43). These changes, largely referable to sclerosis of tlie supporting 
tissues, are especially frequent in pedunculated growths. 

When retrogression is rapid the growths get lower, owing to an unrepaired 
loss of keratinized material, their papillae shorten, and instead of broad “elephant’s 
feet” of living epithelium along their base one finds narrow, irregular processes, 
separated and underlain by a reactive connective tissue containing manj^ ma- 
crophages and lymphocytes (Figs. 44, 45), — cells almost absent from the slowly 
dwindling growths just described, and infrequent in tarred skin returning to 
normal. The epithelial processes appear as if invasive, and mitosis is still going 
on in their cells (as in retrogressing mouse carcinomas also (18)); yet the growths 
are actually smaller and more superficial than before, connections witli the seba- 
ceous glands and hair follicles have appeared (Fig. 44), and the underlying cellular 
accumulation (macrophages, lymphocytes) is of the sort which accompanies the 
retrogression of tumors generally. At length only a smooth scar is left, covered 
with somewhat thickened squamous epithelium devoid of distinctive peculiarities. 

After tar carcinoids and papillomas are implanted in the subcutaneous tissue 
or leg muscles of the host they either die by keratinization or round up into small 
cysts, as already stated. The same holds true of virus papillomas implanted in 
hosts which develop a resistance to these growths (19). In both cases the living 
epithelium at the periphery of the cysts ceases to have a neoplastic appearance. 

Conditions of Origin . — The real cause of the tar papillomas is something other 
than tar. The virus on the other hand is directly responsible for the papillomas 
it produces. The unknown causes of the tar tumors in general, and of the growths 
due to other “carcinogens,” act only because of some change of a peculiar nature 
that these agents slowly bring about in the tissues; whereas the virus, though 
rendered unusually effective by this change (1), can act upon epidermis which 
has been merely scarified or acutely injured in other ways, as by an application 
of sodium bisulfide (10), or by inflammation due to a subcutaneous abscess. In 
contrast to the causes for the tar tumors the virus needs little help to be pathogenic, 
and only non-specific help, while the growths it produces need no help whatever 
in most instances. Nevertheless one may recall, as bearing on the possible causa- 
tion of tar tumors, that tarring brings about conditions exceptionally favorable 
to localization of the virus out of the blood stream, that it enables it to engender 
growths after introduction into normal skin,— when otherwise this would not 
happen (10), — and that it e.xerts a stimulating effect upon virus papillomas which 
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is often pronounced, though not ordinarily decisive for their fate as it so frequently 
is in the case of tar tumors. 

The ears of some rabbits are especially sensitive to tarring; and the more 
markedly it changes them the more likely are tar tumors to arise. This holds 
also for the papillomas which result from an intravenous injection of virus, though 
the conditions making for localization of the %-irus under such circumstances must 
be discriminated from those determining the formation of tumors (10). When 
both ears have been tarred equally, tar tumors appear in appro.rimately the 
same number on both. So it is also with the papillomas arising after virus has 
been thrown into the blood stream: the average for both ears is the same unless 
the circulation to one was interfered with while the virus was circulating (10). 

The tumors due to tar are local epithelial phenomena, the outcome of happen- 
ings at special points in the hj-perplastic epidermis. So also with the \nrus 
tumors, though when an immense quantity of virus has suddenly been placed in 
circulation it may infect the tarred epidermis at so many spots as to give the im- 
pression that a generalized neoplastic transformation has occurred. Theoretically 
one should occur if the rims reached and infected everj’ cell in the basal layer of 
the stratum germinativum. Actuallj', however, what appears to be generalized 
neoplastic change after massive vims infection, is U5uall3’ due to a secondary^ 
coalescence of growths arising at numerous, separate points, as sections taken at 
early stages have proved. 

The increase in size of the papillomas due to vims is due to multiplication of 
the cells with which it becomes associated primarily, not to contact infection of 
adjacent elements (12). This holds good also for the tar tumors. Both are 
frequently multiccntric in origin, but the tar tumors only e.vceptionally arise in 
hordes. In an unique instance, the ears of a rabbit tarred in the usual way for 
110 days were practically covered with tumors, dose crowded and becoming 
confluent. In a few small blocks taken at random 61 papillomas could be dis- 
cerned, as also 2 carcinoids and 2 frill horns. These findings were not included 
in Table I, to avoid distortion of the figures. The ears of an animal examined 
after tarring throughout 13 months showed large e.xpanses of low, diffuse papil- 
lomatosis, which might have been interpreted as the result of a generalized change 
in the epidermis had there not been charts pro\-ing it due to a coalescence of 
growths originally separate and discrete.* 

After an intravenous injection of rims, hosts of papillomas often arose on the 
outsides of ears rendered hypcrkcratotic by tar transferred from the insides, and 
on the neck as well, where similar changes had taken place for the same reason. 


Sunt.*cfl, Bums, Moskop, and Loch, studying the downgrowths of uterine 
epithelium in mice given an estrogen (.tm./.Ccnccr, 1938, 32, 256), have noted that 
they often occur at many points, and sometimes everywhere as if by a generalized 
tinn-formation. ^ hc:r conclusion that these findings arc scarcely compatible 
with th.c working of a vims, would seem unwarranted in riew of our observations. 
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The growths were marked as due to the inoculum by their appearance almost 
simultaneously after the usual incubation period, by their rapid growth and 
frequent, deep melanosis, by their cytology, and by the almost complete absence 
of tumors from such situations in animals merely tarred, unless the tarring had 
been kept up for many months (15). When this was the case scattered tar papil- 
lomas eventually appeared on tlie neck and outsides of the ears, and they derived 
from the same structures and took the same forms as the virus papillomas (Figs. 
21 to 30). The earlier appearance there and greater frequency of virus-induced 
growths were obviously referable to the relatively slight epidermal changes re- 
quired for the action of the virus, to the abundance of it provided, and to the vigor 
of the growths it caused. 

The tumors due to tarring occur at irregular intervals, and new ones may keep 
on appearing for months or years afterwards, if the skin has been rendered endur- 
ingly pathological. Nearly all of the growths due to virus, on the other hand, 
appear within a few weeks of the intravenous injection unless the skin has under- 
gone such change. Under these circumstances characteristic virus papillomas 
may continue to appear sporadically for at least 4 months after the inoculation, 
a period double the longest observed in the case of normal skin. In one e.\'peri- 
ment a rabbit’s ears were acutely inflamed by swabbing them with barium sulfide, 
virus was injected intravenously, and 120 days later tarring was begun. At this 
time there were 3 papillomas present, which had appeared shortly after the in- 
jection, but later, as tarring went on, a fourth developed, shortly before the IfiOtli 
day. Like the others it was marked as due to the virus by the retention of a slaty 
hue despite rapid enlargement, as furthermore by its characteristic cytologA'. 

Course . — Tar papillomas may run widely differing courses though all are 
markedly responsive to cliange in tlie general state of the ears. Some of the 
earliest to arise and the swiftest to grow ma)^ vanish despite continued tarring, 
and while others nearby are rapidly enlarging. Some, beginning late and growing 
slowly, continue to grow after tarring is left off though all their neighbors arc 
disappearing. The majority, however, enlarge or retrogress together. So too 
do the virus papillomas resulting from a direct inoculation of normal skin ; for they 
are mostly multicentric in origin and hence what they do constitutes an average 
response. But when the virus is distributed on the blood stream, — providing, 
as this does, an opportunity for its individual entities to infect single cells,— and 
the state of tlie cells has been altered by preliminary tarrings, tlie growths may 
not only appear at widely differing times and vary much in neoplastic character 
(10), but often certain of those which appear to be typical virus papillomas may 
grow vigorously while others wholly resembling tlicm and situated on the same 
ear are retrogressing. They now differ in incidence and course as do the tar 
papillomas, though not to nearly so great an e.vtent. This is scarcely surprising 
in view of the fact that the virus e.verts much more compulsion on the cells than 
does the cause for tlie tar papillomas, and is far less dependent on contributor}- 
circumstances for its continued action, as c.\-prcsscd in behavior of the growths. 
What the virus does is of predominating importance for the course of neoplastic 
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events, once these are under way, not what attendant or intercurrent circumstances 
do, as in the case of most tar tumors. 

The superior pathogenicity of the virus is usually evident in the behavior, as 
well as the form, .of the papillomas engendered by it: they enlarge more swiftly 
than most tar tumors and appear relatively unafiected when tarring is discon- 
tinued. Nevertheless in some animals they may retrogress all at once, a host of 
growths which have long flourished everj' one vanishing, perhaps within a few 
days, even though tarring is kept up. This behavior is due to the development 
of a generalized host resistance (20), which is not always comprehensive in its 
effects when the papillomas are situated on tarred ears, some of them continuing 
to enlarge in contrast to the majori^. And even when the resistance is all- 
inclusive it is often transient, some growths reappearing after a few weeks in their 
previous positions, marked by patches of pigment in the corium. Tracings were 
made on cellophane in a few cases while the growths were dwindling, in order to 
record their exact situations; and after they had vanished tarring was begun anew. 
Some reappeared, but one cannot be sure that the tarring was responsible since 
recurrence can take place -without it (20). Recently we have found that renewed 
tarring may call forth tar tumors where they were before, months after seemingly 
complete disappearance. 

^Vhether any host resistance develops to tar papillomas is uncertain. The 
wholesale retrogression often -nitnessed after tarring has been stopped is plainly 
due in most cases to involutionarj' changes in the skin of the ears; and the sensitive- 
ness of the tumors to these latter renders it difficult to tell whether other adverse 
influences are working upon them. Certainly host resistance, if such there be, 
is much less comprehensive and effective than that provoked by the ^^rus tumors, 
which is notably selective, frequently causing complete disappearance of -virus papil- 
lomas while exerting no visible influence upon the tar tumors associated with them. 

Spurious Malignancy . — ^The progressively increasing disturbance of the skin, 
when tarring is kept up, acts to further the growth of tar papillomas, to disorder 
their form and to render them aggressive. Some extend deep, forming numerous 
small c>-sts secondarily, while the pattern of others becomes irregular and complex. 
They may penetrate to the outside of the ear and form secondarj' masses there 
even while retaining their original morphologj- (Figs. 37 and 38). Not a few of 
them break up along the base as if becoming carcinomas, though actually they 
arc but carcinoids in most instances; and growths of the latter sort keep on ap- 
pearing. Yet if tarring is stopped after 2 to 4 months all of the apparently malig- 
nant tumors take on the form of benign papillomas, or become c>-stic or dikppear. 
It is plain that tar tumors are very prone to spurious malignancy. 

Virus papillomas are much less sensitive to continued tarring, though under 
its influence they too may become somewhat disorderly, c.xtcnd down and form 
cysts, or c.xhibit complexities of pattern. Often they become ver>- aggresrive and 
grow through to the outside of the car (Fig. 36). Yet even when proliferating 
with prodigious rapidity they do not assume the carcinoid form, although it is 
seen when the growth is implanted in the interior organs, cspedally under condi- 
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tions of local inflammation (12). The virus evidently exercises a stricter forma- 
tive influence upon the cells with which it is associated than does the cause of 
most tar papillomas. Yet the formative influence of this unknown cause is 
notably strict in not a few instances, the growths remaining papillomas, however 
much tarred, and under circumstances which lead otliers immediately next to 
them to be carcinoids (Fig. 24). 

So long as tar and virus papillomas continue to be such the)^ retain the cytologi- 
:al features distinctive of them, no matter how complicated or disorderly their 
pattern; but most of these features only become manifest as differentiation takes 
place, and they are lost in proportion as the cells fail to differentiate, as when 
Lhey become carcinoids or carcinomas. Markedly anaplastic growths deriving 
Tom tar and virus papillomas cannot be distinguished as of differing origin. The 
:haracter of the cells in the papillomatous part of the cystic metastasis shown in 
Fig. 20 identified the growth as a tar tumor, whereas the cells of its invasive por- 
;ion yielded no information in this regard. 

The Development of Carcinomas . — The course of events when tarring was dis- 
;ontinued after a few months proved that all of the apparent malignancy then 
existing was spurious; but this was not the case when tarring had been kept up 
or a long time or had been done throughout several periods. In 2 rabbits thus 
reated genuine cancers arose, as already stated, while in others malignant clianges 
;eemed under way. The 3 cancers all derived from papillomas, like the generality 
)f these growths in rabbits (4, 6). In the present comparison we are concerned 
)nly with cancers of such derivation.- The changes which take place when tar 
iapillomas become malignant have often been pictured (4, 6), and they are 
norphologicaUy identical u'ith those taking place in virus papillomas which become 
nalignant, the carcinoma cells stemming from the papilloma cells by alterations 
)f greater or less magnitude (21). Furthermore the tar and virus cancers c.\’hibit 
neciscly the same forms, some being “papillomas of the second order,” some cystic, 
vhile others are frankly malignant papillomas, and yet others are more or less 
inaplastic squamous cell carcinomas (21). A growtli may assume all these 
orms successively, or a form primarily or secondarily assumed may be long rc- 
ained, perhaps until death of the animal. The metastases of both the tar and 
drus tumors may be cystic® or solid, exhibit papillomatous features (Fig. 20) (4), 
ir be anaplastic. 


- Tar readily evokes squamous cell carcinomas in cottontail rabbits, as we 
lavc found, and some of the cancers do not derive from papillomas but have the 
arcinomatous form from the beginning. Yet the possibility cannot be excluded 
hat they originated from carcinoids, themselves a manifestation of the spurious 
iialignancy of papillomas. For carcinoids arc frequently elicited in cottontails. 

®Thc statement of a previous paper (/. Rvp. Med., 1936, 64, 401) that the 
aetastases of tar cancers arc never cystic or papillomatous was based on informa- 
ion since found to be incomplete, and it is negated by the instance of Fig. 20. 
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The tar cancers derive mostly from those papillomas which are broad-based (4), 
that is to say from those which are most vigorous; and it is from the most activelj^ 
growing of virus papillomas that cancers arise oftenest. Continued stimulation 
of tar papillomas by further tarring hastens the occurrence of malignanc}-; and it 
is hastened in virus papillomas by a variety of stimulating procedures (21). Yet 
these are not essential in either instance. The vigor of \-irus papillomas as a rule 
greatly exceeds that of those due to tar; and, as might be expected, they become 
malignant much more often, and generally after a much shorter period, while the 
carcinomatous change is frequently multiple and cancers sometimes appear almost 
simultaneously at many spots in a single growth (21). Only an occasional tar 
papilloma ever becomes malignant. 

Tarring so stimulates neoplastic proliferation in general that it maj' conceivablj' 
bring into the open some cancers which would not otherwise assert themselves, 
and which cannot progress after it is stopped. Yamagiwa and Ichikawa elicited 
a tar tumor with the morphologj’ of a carcinoma, which metastasized yet retro- 
gressed after 630 daj’s (4) ; and amongst the numerous tar tumors of cottontail 
rabbits that we have recently evoked squamous cell carcinomas requiring aid have 
been frequent, growths which enlarged so long as tarring was kept up, not infre- 
quently destroying a great part of the ear, yet which dwindled, though retaining 
the morpholog}' of cancers, after it was left off, and eventually disappeared. In 
domestic rabbits growths of this sort are e\idently rare, though the case just cited 
shows that they occur. Two large ulcerating cancers which had derived “spon- 
taneously” from virus papillomas in our domestic rabbits, and were squamous cell 
carcinomas on biopsy underwent secondary, retrogressive changes. One had 
existed for months as a large, fungoid, malignant papilloma, distinctively different 
from the rest of the papillomatous mass amidst which it originated. Eventually 
it grew smaller and was almost replaced by the surrounding papillomatous tissue. 
The other cancer, an anaplastic, metastasizing squamous cell carcinoma, was at 
one time a bulky, ulcerated growth, yet dwindled in the end to a mere puckered 
induration over which the skin had healed. The microscope disclosed, however, 
that nests of living carcinoma cclb still e.xisted amidst a sclerotic connective tissue. 

DISCUSSION 

The benign tar tumors here described and classified were sharp cut 
pathological entities. Thc\' were not local exaggerations of the epi- 
dermal hyperplasia due to tarring, nor were they random neoplastic 
manifestations. One did not find papillomas grading into frill horns 
or vice versa. Whatever the nature of the cause for the frill horns, it 
expressed itself with an c.xquisitc particularity, making the cells do 
precisely thus and so, with result in highly distinctive growths. The 
cause for the tar papillomas, though also acting upon the cells of the 
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stratum germinativum, produced tumors of wholly different sort, 
svliich usually expressed themselves in a characteristic, benign form, 
yet were often so responsive to external conditions as to assume instead 
1 carcinomatous aspect without undergoing real cancerous change. 

A comprehensive mapping of all the neoplastic potentialities of 
several animal species would greatly aid thought on tumor causation. 
But even in man only those potentialities are known today which 
lave become actualities as result of the “carcinogenic” accidents of 
ife. Observation has been largely haphazard in the case of otlier 
sreatures, yet it already points to remarkable species differences. 
Farring the skin of dogs, for example, results in malignant melanomas, 
ipparently with some regularity (22), growths seldom if ever evoked 
n the rabbit or mouse. Tarring the skin of cottontails never results 
n frill horns, though frequently evoking papillomas, carcinoids, and 
:ancers, as our extensive observations have shown. Can it be that 
;he epidermis of different species of animals has different inherent 
potentialities for tumor formation? Or are these potentialities not 
nherent but due to agents of extraneous origin? Such questions can 
)nly slowly be answered. 

The study here presented was made with hybrid rabbits of one sort 
agouti) and with a single tar; but recentl}’’ it has been extended to 
mother breed (Dutch show rabbits). In these tar also evoked frill 
lorns, papillomas, and carcinoids, with no other benign tumors, and 
n approximately the same relative number as in agouti rabbits, 
furthermore a different tar has been applied to agouti rabbits and 
Lgain the same tumors have been called forth, this time in an cpi- 
lermis stimulated to much greater general change. The finding 
night have been expected in view of the evidence that tars owe their 
:arcinogenic action to a common constituent, 1 : 2 benzpyrene. The 
lictures in the literature show that the domestic rabbits of England, 
America, Italy, Scandinavia, and Japan all yield on tarring papillomas 
.nd carcinoids resembling in general those with whicli we have dealt, 
iut the differing fixatives and stains used on the specimens prevent 
,ny decision on whether the papillomas had the morpholog)' of those 
if our animals. Some appear unlike them in details. Orr (23) reports 
hat the growths evoked in mice by six carcinogenic hydrocarbons 
esemble those due to tar. It would be worth while to know the nco- 
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plastic effects of a single carcinogen upon rabbits of identical sort, 
bred in -widely separate parts of the -world, living under different 
conditions and fed different foods. (Our rabbits, all procured in 
New York, -were housed and fed alike.) But in any typing of the 
growths thus evoked it would be necessary to discriminate their 
essential features from those due to intercurrent influences. This has 
not been done in the past, but instead all of the features of the tumors 
have been taken to be the expression of iimate, indi-vidual peculiarities, 
and in consequence they have been deemed much more various than 
they actually are. 

Because of the collateral influences that tar exerts it is far more 
effective in producing tumors in rabbits than any of the pure carcino- 
genic substances (10). It evokes gro-wths much sooner than does 
benzpyrene even when this is applied in relatively large quantity, and 
it brings about local tissue changes which enable the tumors to become 
established. Directly or indirectly it urges them on and produces 
secondary changes in them. Because of this last influence tar tmnors 
arc best studied when young. Had we not examined them then, the 
narrow restrictions in their types might have been overlooked and 
the reasons for their later complexities have been missed. 

The main facts emerging from the comparison of the benign tar 
and virus tumors are set forth in Table H, together -with certain in- 
ferences which seem unavoidable. Our study was carried out on 
domestic rabbits, instead of cottontails, the natural hosts of the 
•virus, to exclude all possibility that some of the groudhs evoked by 
tar might be due to a strain of xnrus lying latent and of such slight 
pathogenicity as to require the aid which tarring gives. For it is 
known that the papilloma ^^rus may lie latent after introduction into 
normal skin and give rise to papillomas when tarring is done (10). 
The virus is wholly foreign to domestic rabbits and it cannot or- 
dinarily be got again from the growths engendered in this species. 
Nevertheless the tarred rabbits were isolated to rule out contact in- 
fection entirely. 

Serological tests indicate that the cause for the tar papillomas is 
not antigcnically related to the Shope virus (24), and the distinctive 
cytological changes that it produces accord with this finding. To 
account for the general likeness to the N-irus tumors, one might 
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assume that anything which stimulates proliferation of the cells of 
the stratum germinativum will give rise automatically to papil- 
lomatous growth, if the proliferation is superficial. One ma)’^ recall 
in this relation the likeness of silicosis tubercles to tliose due to bacillus 

TABLE ua 

Comparison of the Benign Tar and Virus Tumors Deriving from the Epidermis 

of Domestic Rabbits 

The Tar Tumors The Virus Tumors 

Tarring evokes the growths Tarring results in a localization of circulat- 

ing virus: it enables latent virus to pro- 
duce growths 

Peculiar, chronic, "carcinogenic” tissue dis- Various non-specific, acute or chronic tissue 
turbances bring the unknown causes into disturbances render the virus effective 
action 

The growths appear on the tarred skin at After a single intravenous injection of virus 
irregular intervals the growths all appear within a few weeks 

unless the skin has been often tarred, 
when they may appear irregularly 

Number and time of appearance vary from host to host, but incidence is similar on 

both cars 

Origin punctate or focal, but often multicentric 
Enlargement takes place by intrinsic cell proliferation {aus sick licraus) 

The tumors are largely dependent for per- The growths can progress without help of 
sistence and growth on further tarring or tarring or of chronic tissue changes, 
on chronic changes already induced in the tliough aided thereby 
supporting tissues 

Individual rates of proliferation vaiy Proliferation usually very rapid; implanta- 
widely; implantation elsewhere in the host tion successful 
is unsuccessful 

Unfavorable local conditions frequently Local conditions seldom cause general rctro- 
bring about general retrogression gression 

Growtlis of two distinct tj'pcs,— (1) papil- Growths arc of a single sharply defined 
lomas subject to spurious malignancy = type,— papillomas 
carcinoids, (2) frill horns 

Inclusion bodies absent: no distinctive changes in the supporting tissue 
hlorphology indicates that they arc due to specific causes, each with characteristic effects 

Causes have not been recovered from the Usually the virus cannot be recovered from 
growths the growths induced with it 

The uiihioxL'it causes require special cell condi- The virus cause is very compelling and dots 
lions for their action, and exert little com- not require special aid 
pulsion 
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The Tar Papillomas The Virus Papillomas 

Both are sharply defined pathological entities 

Arise mostly from the deeper portion of the Arise mostly from the deeper portion of the 
hair follicles follicles when the v-irus localizes out 

of the blood stream 

Arise from the stratum germinativum 
Origin frequently multicentric 

Tumors enlarge in same way, assume same gross forms; virus papillomas usually 
more fleshy because growth more rapid 

Superficial resemblance close but cytology distinctive 

Occasional melanosis, and melanoblasts Melanosis frequent, and melanoblasts 
mildly stimulated. Pigmentation lost greatly stimulated. Pigmentation often 
during rapid growth retained during rapid growth 

Melanosis is of similar character 
Histological phenomena similar during retrogression 
Peculiarities of individual host influence gross form in same ways 

Aspect and course markedly influenced byj Aspect and course moderately influenced by 
local conditions I local conditions 

Continued tarring renders growths aggressive, complicates morphology 

Growths highly responsive to tarring. Growths less responsive to tarring. It 
Spurious malignancy (formation of car- f.ails to induce spurious malignancy but 
cinoids) is a frequent result other influences do this frequently 

Retrogression usual unless chronic changes Retrogression not infrequent; chronic tissue 
have been induced in the supporting tis- changes aid persistence 
sues 

General retrogression frequent oning to local Local conditions have relatively slight 
conditions; whether an induced resistance effect, but general retrogression is fre- 
cver brings it about is uncertain quent as result of induced resistance 

Growths may reappear after vanishing 

Pathogenicity of cause, as e.vprcssed in Pathogenicity of virus, as expressed in the 
tumor behavior, varies much from growth multiple growths of a single infection 
to growth varies little 

Occasional carcinomatous change after Carcinomatous change frequent after a fen- 
many months months 

Intcrcurrent stimulation hastens the malignant change 

The cancers arise from the papilloma cells by similar morphological alterations and 
c.xhibit the same general characters 

Tht cause cf the pafsUomas stimulates the The virus stimulates the papilhtr.as irea'h 
cells mildly ar.d exerts a formative iisfuer.ce- and exerts a strict formative ir.ftuer.ee u^or. 
up.m them which is cftes-.cverhorr.e. Ithas\ them. It has a pronounced' earcir.oeer.ic 
<3 moderate carcinogenic efcct | euect 

The virus seems not to be related Cnti^eniccUy to thse tar tum.or cause yet the differences in the 
r.eeplasttc phenomena they induce are merely quantitative 

419 
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tuberculosis. But tar and virus papillomas exliibit their characters 
though growing beneath the skin (Figs. 29, 30, 36, 37), while further- 
more the frill horns, though submitted to similar mechanical influ- 
ences and deriving from the stratum germinativum of hair follicles 
(Fig. 31), like the growths just mentioned, have a wholly dissimilar 
morphology (Figs. 8, 9). 

Some of the tabulated differences in the tar papillomas and those 
due to virus are obviously consequent upon the great pathogenic 
activity of the latter, to its introduction into the test rabbits upon a 
single occasion, and to its almost standardized effects under ordinary 
circumstances. There is every reason to suppose that if we had 
mixed several virus materials of differing pathogenicity and injected 
the mixture several times, dribbling it into the animal, so to speak, 
the individual differences in incidence and behavior of the tar papil- 
lomas would have been duplicated. 

The virus is a much more exigent formative influence than the un- 
known cause of the tar papillomas, the growths it produces retaining 
their morphology under conditions which would cause many tar 
papillomas to become carcinoids; but this difference would appear to 
be merely quantitative, since virus papillomas also become carcinoids 
on special occasion. In both instances the apparent malignancy 
means only that epithelial cells subjected to extraneous stimulation 
can simulate malignant cells, a fact already proven for normal 
epithelium by the invasive downgrowth with anaplasia which occurs 
after intradermal injection of Scharlach R or Sudan III in olive oil. 

Though spurious malignancy is much more frequent in tar papil- 
lomas than in those due to virus, they are far less likely to undergo 
real malignant change, and the change generally takes place much 
later. The frequency with which cancer develops out of virus growths 
varies directly with how hard their cells are driven by the virus, as 
manifested by their rate of enlargement (25). The more rapid the 
proliferation, and the more the cells are played upon by extraneous 
stimuli (c.g. incision, Scharlach R injection, inflammation due to bacte- 
rial infection or vaccinial necrosis), the sooner and oftener does malig- 
nancy occur. The unknown cause of the tar papillomas exerts only 
a mild and conditional compulsion, as demonstrated by the behavior 
of the growths. This being so, one might expect that cancer would 



PEYTON ROES AND JOHN G. KIDD 


421 


arise late and infrequently from tar papillomas, as is generally the 
case. Yet to all appearance malignancy is the outcome of precisely 
the same train of events as in virus papillomas that are becoming 
malignant; and the resulting carcinomas are of the same kind and 
exhibit the same limited diversity. In a previous paper (21) we have 
discussed certain human cancers which arise from papillomas by 
changes resembling those which occur in rabbit papillomas, and have 
cited furthermore a virus of man which causes papillomatous prolifera- 
tion out of which squamous celled carcinomatosis occasionally arises, 
namely the virus responsible for condyloma acuminatmn (26). Like 
the unknown cause of the tar papillomas this virus fails to produce 
growths unless aided. Uncleanliness, local bacterial infection, tissue 
maceration, act to render it effective and to maintain the resulting 
condylomas, just as tar acts to evoke and maintain the tar tumors; 
and the cancers arise, as in their case, out of growths subjected to 
long-continued disturbance (27).* 

stnoiARY 

Tarring the ears of rabbits of one sort uith a single kind of tar 
evoked epidermal tumors of a few sharply defined tj'pes, namely or- 
dinarj' papillomas, carcinoids, carcinomas, and “friU horns.” These 
last, relatively infrequent, are now recognized for the first time. The 
carcinoids have proved to be the expression of a spurious malignancy 
of papillomas, resulting from intercurrent influences, and they were 
wholly dependent upon these for their threatening aspect and be- 
havior. Chief amongst such influences was continued tarring. It 
had the effect of establishing the papillomas, stimulated their pro- 
liferation, complicated their morpholog>% and rendered some of them 
disorderly, aggressive, and anaplastic. It brought all of the tissues 
of the ears into an excitable state, and often this state endured long 
after the skin had apparently returned to normal. 

The characters of the papilloma-carcinoids and of the frill horns 
were so different and distinctive as to imply the action of differing, 
specific causes. 

* 1 he treatment of condyloma acuminatum has improved so greatly of late 
that secondary carcinomatosis has become c-xceedingly rare; but the conditions 
of Its origin and development are amply documented bv the numerous well 
illustrated papers on the theme (27). ’ 
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The papillomas were very like those induced with the Shope virus, 
and hence a point-to-point comparison was made of their manifesta- 
tions, including the derivation of carcinomas from them. This com- 
parison demonstrated that the unknown cause of the tar papillomas 
provoked neoplastic phenomena which were identical in all essential 
respects with those due to the virus. 

To suppose, for experimental purposes, that the papillomas 
which tarring elicits are caused by a virus rendered pathogenic by 
this procedure, is to demand least of the unkno'wn. Yet it does not 
follow that they must be due to a virus. 
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EXPLANATION OF PLATES 

All of the sections were stained with methylene blue and eosin. 

V, T = virus and tar papillomas, respectively. 

Plate 20 

Fig. 1. Tar papillomas. The inside of the ear had been tarred throughout 
several periods of some weeks each, with intervals between for recover3^ Photo- 
graphed on the 591st day, long after the last tarring. The skin between the 
growths is still somewhat scurfy in places. The tumors are far less fleshy than 
if tarring had been kept up, and hence do not resemble so closely the virus growths 
of Figs. 2 and 3. All those along the edge of the ear are papillomas, some medium 
gray (G), two almost black (G'). Several freckle-like patches of sooty, intra- 
cutaneous melanosis can also be seen. Near the middle of the ear is a small, 
recurved frill horn (H) , and at one spot dose to its edge is an aggregate of small 
subepidermal cysts (CY) resulting from the retrogression of a carcinoid. X M- 

Figs. 2 and 3. For comparison with Fig. 1. Growths produced by directly 
infiltrating normal ears with papilloma virus by wa}’’ of a marginal vein, and 
tarring them three times later, beginning after a week, in order to render the virus 
effective. (The uninfiltrated ears were also tarred: no growths ever appeared on 
them.) The papillomas of Fig. 2 were dry, cindery, and nearly all dark gray and 
slow growing, whereas those of Fig. 3, resulting from the same inoculum, were 
vigorous and fleshy, and about half of them were pigmented (G, G'). The dry 
tops of some of the otliers appear dark. Host influences have a great effect on 
the form of the growths. X H- 

The marginal situation of nearly all of the papillomas of Figs. 1, 2, and 3 
is unusual. The specimens were selected for case in photography. 

Fig. 4. The melanotic Aurus papilloma (G') of Fig. 3, — for comparison with 
the melanotic tar papilloma of Fig. 5. The edge of tlie ear happens not to be 
incorporated in the growth. X 6i. 

Fig. 5. Cross section of the melanotic tar papilloma, G' arrow, of Fig. 1. Its 
outer keratinized portion has been cut away. It e.\tends around the edge of the 
ear on both aspects, with result tliat this is incorporated as a spurious raphe. 
X6^ 

Figs. 6 and 7. Sections of a virus papilloma and a tar papilloma, respectively 
(V, T). Most of their drj' keratinized portions have been trimmed away. The 
virus had been directly inoculated into the untarred skin of the side. X 13. 

Figs. S and 9. Frill horns, showing the characteristic narrow shape and trans- 
verse striation of tlie dry horns, and the fleshy collar about their bases. The pic- 
tures were taken long after tarring had been stopped. X 2 J. 






Plate 21 


Figs. 10 and 11. Small frill horns. The sharply outlined, uninvasive basal frill 
of living epithelium and the compact, close-te.\tured, keratinized material are alike 
t 3 'pical. For convenience in sectioning, the dry horns have been broken off near 
the base. X 14 and X 10, respective^. 

Fig. 12. Part of the base of a frill horn, to show the character of the cells, the 
absence of a stratum granulosum, and the abrupt keratinization with transient 
nuclear pj^cnosis. The scattered, irregular granules stippling the keratinized layer 
in some places, especially at the right of the photograph, have come from the 
breakdown of in-wandered polymorphonuclear leucocytes. More macropliagcs 
lie beneath the growth than is ordinarily the case. X 190. 

Fig. 13. A typical anaplastic carcinoid, selected as illustrating the fact that 
such tumors are not necessarih' preceded by papillomatous proliferation but may 
extend directly down from the surface epithelium. X 14. 




Plate 22 


Fig. 14. A carcinoid of more organized t 3 'pe. X 18. 

Fig. 15. Invasion of a large lymphatic by an anaplastic carcinoid which ap- 
peared after only one month of tarring and was then e.xcised. The reactive con- 
nective tissue appears mucoid, as in the case of man}" squamous cell carcinomas. 
X 80. 

Figs. 16 and 17. To illustrate the change of a carcinoid to a papiUoma after the 
discontinuance of tarring. Fig. 16 shows a section across a biops.v specimen 
punched from a large carcinoid 10 days after tarring was stopped. The ear had 
dried down, and most of the growths, including the carcinoid, had begun to 
dwindle. It was already losing its anaplastic state, but deep in the reactive con- 
nective tissue beneath it were scattered, persisting groups of epithelial cells, not 
visible in the photograph. Fig. 17 shows the same tumor 28 days later, at the 
edge of the previous punch hole. Though it has extended around the edge to the 
outside of the ear, it is now an orderly keratinizing papilloma. The connective 
tissue beneath it has become sclerotic. X 21. 

Fig. 18. Part of an early carcinoid. The rabbit had been tarred only 28 days 
yet the growth, an ulcerated dome, w'as already 8 mm. across. Half of it was 
punched out, as shown. It had invaded a large lymphatic (arrow). At this time 
there were 14 other growths on the ears, all subepidermal mounds or domes up to 
9 mm. in diameter, and two of medium size, as yet unulcerated, were taken ii: tolo. 
They showed carcinoids deriving from an intact epithelium. The ears were now 
stripped of tar for good. 12 days later only 4 growths remained, 3 as dr}’ scabs, 
while the fourth, the other half of the carcinoid pictured, was reduced to a mere 
subepidermal thickening. It was punched out (see Fig. 19). After 2 weeks more 
all of the tumors had completely disappeared. X 14. 

Fig. 19. The rest of the carcinoid of Fig. 18, as it appeared 12 days later. It 
now consists merely of keratinized cysts lined with stratified squamous epithelium 
devoid of any obvious neoplastic character. The end of the cartilage at the left 
marks the edge of the previous biopsy wound, but the scab over the healing tissue 
here has been torn away, together with a little of it. X 14. 

Fig. 20. Section through the wall of a cystic metastasis from a tar carcinoma 
(see text). The growth was situated in an auricular lymph node. The living 
epithelium lining the cyst is papillomatous and keratinizing, but further awa}’ is 
anaplastic and notably invasive. X 44 
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Plate 23 


Figs. 21 and 22. Earlj'’ stages of papillomatosis due to virus and tar, respec- 
tivel}^ to show that the growths began in the deeper portion of the hair follicles 
in both instances. 

Fig. 21 is from an animal with ears prepared by tarring, which died 22 days 
after an intravenous virus injection. Massive infection witli the virus took place, 
as shown by a sudden brawny swelling of the ears at about the ISth day (15), 
followed immediately b)' the appearance of growths. Autopsy disclosed that they 
were innumerable, some creamy but many dark. The section is from the outer 
side of the ear, Avhich had been devoid of tar warts. 

Fig. 22 is from an uninoculated animal which died after it had been tarred for 
10 months, intermittently toward the end. At death it had numerous large, 
pedunculated papillomas on the tarred inner surface and a few small creamy-gray 
growths on the outside. Some that were just beginning at the latter situation 
are pictured. X 14. 

Figs. 23 and 24. Virus and tar papillomatosis at a slightly later stage. The 
resemblance is absolute at the magnification shown. A tar carcinoid (C) is 
included in Fig. 24. X 10. 

To obtain Fig. 23, a normal rabbit ear was directly infiltrated with virus and 
tarred a few times later, as in the case of the ears furnishing Figs. 2 and 3. The 
specimen shown was punched from the ear 25 days after the infiltration, when 
innumerable pink or gray growths were appearing on both sides of the organ. 

Fig. 24 came from the inside of an uninoculated ear tarred during a period of 
SO days. Numerous growths had arisen, both papillomas and carcinoids. 

Figs. 25 and 26. A virus and a tar papilloma, situated on the outside of the 
ears, and just beginning to erupt. The virus papilloma was the result of a punc- 
tate inoculation into normal epidermis. The growth of Fig. 26 came from an 
animal tarred intermittently for 17 months. X 14. 




Plate 24 


Figs. 27 and 28. Further examples of erupting tar and virus papillomas. The 
growth of Fig. 27 was due to a punctate inoculation of virus. The tumor elicited 
by tar (Fig. 28) was from the same rabbit as Figs. 22 and 30. X 6). 

Figs. 29 and 30. Somewhat larger virus and tar papillomas on the outside of 
the ear. The papillomatous pattern has become more complicated. The growth 
due to the virus resulted from direct inoculation, with tarring for 41 days there- 
after. Fig. 30, of a tar papilloma, is from the rabbit, tarred for 10 months, that 
provided Figs. 22 and 28. X 14. 

Fig. 31. Early stage of a frill horn; it is just erupting. The dense, strongly 
eosinophilic, keratinized material contrasts greatly with that formed by the virus 
and tar papillomas of Figs. 21 to 30, which stains almost not at all. The un- 
stained whorls of keratin at the apex of the growth are the original contents of 
the distended hair follicle from which it arose. X 30. 









Plate 25 

Figs. 32 and 33. Tlie living epithelial layers of a non-pigmented virus and tar 
papilloma, respective!}', — to show the likenesses and differences described in the 
text. X 177. 

Figs. 34 and 35. The living layers of markedl}' melanotic virus and tar papil- 
lomas. The pigment-containing cells are morphologically alike in the two in- 
•stances and occupy the same situations. X 168. 









Plate 26 


Figs. 36 and 37. Virus and tar papillomas which have e.xtended through lacunae 
in the aural cartilage as result of the stimulus of continued tarring. The virus 
growth of Fig. 36 was the result of a tattoo inoculation into the inside of a normal 
ear 73 days previously, with tarring twice weekly thereafter. The growth became 
fungoid and foul, and e.\'tended through to the outside at several situations, of 
which two are seen here Fig. 36, X 9. Fig. 37, X 13. 

Fig. 38. Extension of a tar papilloma to the outside of the ear. A punch 
biopsy disclosing the character of the growth was done early, and the hole that was 
left healed completely. The tumor became the large fleshy sphere that is pictured, 
and while doing so extended to the outside of the ear through the healed wound, 
with result in a fleshy “onion” there. Both growths consisted of connective tis- 
sue for the most part, covered with characteristic papillomatous epithelium, and 
with embedded islands of the latter. X J-4. 

Figs. 39 and 40. Newly pedunculated virus and tar papillomas. The peduncu- 
lation was due to continued tarring. The virus tumor had been produced by a 
tattoo inoculation of a normal ear. X 6. 

Fig. 41. Final stage in the retrogression of a melanotic papilloma due to locali- 
zation of circulating virus in an ear long tarred (15). The growth is almost gone 
but its place is marked by much intracellular pigment. The skin is everywhere 
pathological, its epithelium thickened, and the connective tissue unusually cellular. 
Scattered lymphocytes are present where the papilloma was once situated. X 46. 
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ANTIGENIC PROPERTIES OF THE TYPE-SPECIFIC 
SUBSTANCE DERI\TED FROM GROUP A 
HEMOLYTIC STREPTOCOCCI 

Bv GEORGE K. HIRST, M.D., A^•T> REBECCA C. LANCEFIELD, Ph.D. 

[From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, November 5, 1938) 

Although the constituent of the hemolytic streptococcus cell, which 
determines specificity in each of the various types included within 
group A, has been considered a protein, attempts to demonstrate its 
antigenicity after separation from the ceU have not been entirely 
successful. This paper gives a more detailed study of this subject. 
It seems probable that in some instances the chemical procedures used 
to isolate the type-specific substances tended to degrade the proteins, 
and thus render them less antigenic. The early e.xperiments (1) with 
the type-specific protein M showed that although the sera produced 
by the injection of whole streptococci gave specific precipitin reactions 
with this partially purified extract, the injection of the protein solu- 
tion itself failed to stimulate tj'pe-specific antibody production in 
rabbits or guinea pigs, as shown by the following negative tests: 
precipitin reaction, agglutination, passive protection in mice, passive 
and active anaphylaxis in guinea pigs. 

By cxlracling ground streptococci with increasingly alkaline solutions, Heidel- 
berger and Kendall (2) isolated a fraction which stimulated type-specific precipitin 
form.nion when injected into rabbits; but these sera were not tested for their 
ability to protect mice passively. 

Mudd and his colLaborators (3) have reported the isolation of an antigenic 
fraction from group A hemolytic streptococci which they have named labile 
antigen.* Ihcy po.-tulatcd that the labile antigen is a complex molecule contain- 
ing the type-specific protein M in addition to several other serologically active 
constituents. Besides absorbing type-specific agglutinins, opsonins, and protec- 

On the basis of recent unpublished findings of Mudd, Lackman, Pettit, 
.and .Morgan, Dr. Mudd has informed us that these authors now prefer to sub- 
'tilule till' term “nuclcoprotcin agglutinogen” for ‘‘bbile antigen." 
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tive antibodies from antibacterial serum, the labile antigen, when injected into 
rabbits, induced antibodies which gave partly t 3 "pe-specific precipitin reactions, 
but these antisera were not tested for protective action in animals. 

In 1937, Stamp and Hendrj^ (4) isolated a fraction from a group A tj’pe 3 
hemotytic streptococcus (strain Richards), which produced active immunitj' when 
injected into mice. 47 per cent of the immunized animals were protected against 
100 minimal lethal doses of the homologous organism. The specificity of this 
immune response, however, was not tested. 

EXPERIMENTAL 

As a starting point for obtaining the type-specific substance in 
antigenic form, it was thought promising to use bacteria ground in tlie 
cold, as suggested by Mudd and his collaborators. The first untreated 
saline extracts of such material, injected into rabbits, induced the 
formation of slight amounts of antibody, as demonstrated by pre- 
cipitin and agglutinin tests and the passive protection of mice, but 
the antibody titers of these sera were very low. 

Because of the large quantities of extract required to immunize 
rabbits, it was decided to immunize mice and to test their active im- 
munity following the method of Stamp and Hendry, using the per 
cent of survival of actively immunized mice as the index of antigenicity 
of various preparations. In numerous experiments this technique 
proved to be a rough but convenient way of testing various fractions. 

Methods 

Sdccliou of Strains. — Since the antigenicity of the e.xtracts was to be tested by 
actively immunizing mice, it was essential to use only highlj' mouse-virulent 
strains which would be suitable for testing the degree of immunity in mice. It 
seemed probable, furthermore, that virulent cultures would yield larger amounts 
of antigenic material than avirulent ones. One strain each of three different 
types within group A was used for preparing antigenic e.xtracts and one addi- 
tional strain of each of these tj'pes was employed for testing the immunity. 

Description of Strains ." — 

Type 1:® 1. Strain SJJS was isolated in Texas in 1918 from the pleural fluid 
of a patient with bronchopneumonia following measles (6). 

2. Strain T1 is Griffith’s type 1 strain, S. F. 130/2 (7). 

Tj’pe 3: 1. Strain D5S is the strain Richards, isolated by Colebrook from 

- Strains T1 and T14 were kindly sent by Dr. F. Griffith, strain D58 by Dr. 

T. C. Stamp, and strain C203 b\’ Dr. M. B. Kirkbride. 

’ Types are designated according to Griffith’s classification (5). 
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puerperal septicemia (4). If was obtained in a virulent state foUowmg mouse 
passage. 

2. Strain C203* was isolated by Dochez about 1921 from a patient with scarlet 
fever, and obtained in virulent form in 1927, 

Tj'pc 14: 1. Strain S23 was isolated in Teicas in 1918 from the throat of a 
patient with lobar pneumonia (6). 

2. Strain T14 is strain Barker, a representative of t>i)e 14. 

Virulence . — At the beginning of this experiment, three of the six strains, 
namely S23, C203, and DS8, were virulent enough to kill mice in doses of lO"® cc. 
to 10-® cc. of 6 to 12 hour cultures. Strain T14 was moderately virulent and 
required only six to eight mouse passages to reach the same degree of virulence. 
The other two strains, S118 and Tl, were so degraded that they produced tj’p- 
ically glossy colonies and failed to jdeld demonstrable tj'pe-specific substance in 
e.xtracts of ordinary' concentration. They were so avirulent that 0.1 cc. to 0.5 
cc. of a young culture was required to kill mice. By repeated mouse passage 
(25 passages for S118 and 60 passages for Tl) it was possible to render these cul- 
tures virulent. 

The chief method used in the preparation of antigenic extracts was as follows: — 
Medium . — ^The bacteria used for preparing antigenic extracts were grown in 
the type of broth developed by Todd and Hewitt (8), modified chiefly by the sub- 
stitution of beef heart for horse meat. The fact that the broth is sterilized by 
filtering through Chamberland B filters, rather than by heating, increases its value 
as a medium but abo adds an element of danger in its use, since contaminants 
sometimes grow in uninoculatcd flasks which have been incubated for 3 or 4 days. 
By seeding the broth immediately after filtration with a very large inoculum, and 
then limiting the incubation to 4 hours, pure cultures were obtained in all except 
one instance. 

During the early stages of growth in this broth, large capsule-like areas could 
be seen surrounding the organisms in mobt India ink preparations. These cap- 
sules increased markedly in size and were maximal in about 4 hours, following 
which they rapidly became smaller. The bacteria at this early stage were very 
difiicull to throw down in the centrifuge, but following heating at 56°, or after 
more prolonged incubation, the capsules disappeared and the bacteria were then 
easily packed on centrifugation, an observation also made by Seastonc (9) and 
more recently by Locwcnthal (10). 

These capsules resembled those described by Seastonc and later by Ward and 
Lyons (11), in young cultures of hemolytic streptococci grown in whole blood, 
in that they were present only in young cultures and were not correlated with 


‘ While Dr. Griffith has placed this strain in type 1 by means of slide agglutina- 
tion, work carried out in this bboratory indicates that, on the basis of protection 
and precipitin tens, it falls in type 3. Further studies are being made here on the 
inlc-wclationships of strain C203 and Ijtks I and 3. 
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mouse virulence, but they differed in that we could not stain them bj'' ordinary 
methods. The difficult question of the significance of capsules for the hemolytic 
streptococcus has been reviewed by a number of authors (9, 10, 12), but in these 
experiments the presence of a capsule was taken to mean that the cultures were 
in a period of optimal physiological activity. 

Collection of Bacteria . — ^The broth was filtered while still hot through Chamber- 
land filters and was then cooled to 37°C. 64 liters were inoculated with 25 cc. 
per liter of an actively growing 4 hour culture. After 4 hours’ growth, samples 
were removed from each flask and plated on blood agar to test the purity of the 
culture. The culture was then stored at O^C. overnight, and kept chilled while 
running through a Sharpies centrifuge on the following day. The caked bac- 
terial sediment was suspended in about 200 cc. of cold saline by grinding it in a 
large, previously chilled mortar and pressing it through stbrile gauze, stretched 
over a wire strainer, into another cold container in order to break up clumps and 
facilitate uniform heating during the process of heat-killing. The suspension was 
then transferred to a glass stoppered pyrex bottle, and the bacteria killed quickly 
by the following procedure: A thermometer was inserted into the bottle so that 
the temperature could be accurately adjusted. The temperature was raised with- 
in 1 minute to S6°C. by the addition, while shaking, of about 400 cc. of boiling 
saline. The stopper was then covered tightly with a rubber cap; and tlie bottle 
was completely immersed for 15 minutes in a S6°C. water bath. Sterility tests 
showed that all the bacteria in this heavy suspension were killed by the end of this 
time. The suspension was rapidly cooled by placing the bottle under running 
water and then centrifuged in 50 cc. wide mouthed tubes; the supernatant fluid 
was discarded. The tubes, containing not more than 3 gm. drj' weight of bac- 
terial sediment, were placed in a C02-ice-acetone mixture. WTiile freezing, the 
bacteria were easily distributed over the sides of the tube with a spatula. The 
completely frozen organisms were dried by means of the Flosdorf-Mudd lyophilc 
apparatus (13). 

Extraction . — Preparatory to extraction, the bacteria were ground in a ball 
mill consisting of a 1 liter spherical heavy glass flask and 500 one-quarter inch 
stainless steel balls (14). At first the grinding was done at — 73“C. as advocated 
by Mudd (15). Later, however, it was found that satisfactory results could be 
obtained by grinding 1 gm. of dried organisms in each flask for one-half hour at 
room temperature. This procedure rendered approximately 75 per cent of the 
cocci Gram-negative without causing much change in their morpholog>'. The 
organisms from twelve flasks were collected in 500 cc. N/10 HCl and extracted 
at 37°C. for 24 hours. After centrifugation the supernatant extract was removed; 
250 cc. n/10 HCl were added to the organisms which were then extracted for a 
second 24 hours. This procedure was repeated on a 3rd day. The yield of ac- 
tive material from the second and third extractions tended to be larger than tliat 
from the first; but since further extractions resulted in smaller yields, tlie bac- 
terial residue was discarded. 

Purification of the Extract . — On cautious neutralization of each of these acid 
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extracts with n/ 1 NaOH a precipitate began to form as pH 4.0 was approached 
and became maximal at about pH 4.5. In the case of the first acid extract it 
was necessary to bring the pH to 5.0 before flocculation occurred. After standing 
overnight in the ice box the precipitates were thrown down in a centrifuge and the 
supernatant fluids discarded. The combined precipitates from various extrac- 
tions were taken up in ji/15 phosphate buffer solution at pH 7.2 but most of the 
precipitate was insoluble and was discarded, n/1 HCl was slowly added to the 
supernatant fluid. As pH 5.5 was approached a precipitate began to form which 
was maximal at pH 4.5. This was allowed to stand overnight in the ice box and 
the precipitate separated the following morning. The supernatant fluid was 
discarded, and now nearly all the precipitate was dissolved in 50 cc. of ii/15 phos- 
phate buffer at pH 7.2. After removal of the small amount of insoluble material 
the solution was filtered through a Berkefeld N filter. 

The filtrate was distributed in amounts suitable for one day’s injections and 
then frozen and dried to prevent deterioration. In order to estimate the dosage, 
the total nitrogen and that precipitated by trichloroacetic acid were determined 
by means of the micro Kjeldahl method. The nitrogen precipitated by trichloro- 
acetic acid was always between 50 and 60 per cent of the total nitrogen. Since 
it was felt that the antigenic activity probably resided in the protein fraction, 
the dosage in all experiments was calculated as 6.25 times the nitrogen content of 
the material precipitated by trichloroacetic acid; and the total yield calculated 
in the same way was about 0.6 per cent of the dry weight of the bacteria. 

Serological Reactions Obtained with the Extract . — ^Different preparations of anti- 
gen reacted type specifically to about the same dilution, usually 1:200,000 in 
precipitin tests with homologous type-specific sera. The dilution was calculated 
in the same way as the dosage employed in immunization. No group-specific 
polysaccharide C could be detected in these extracts when tested with sera potent 
in anti-C prccipitins nor could this carbohydrate be split off by heating the solu- 
tion at lOO^’C. with n/ 20 HCl. 

The method of extraction and partial purification outlined was 
adopted as the procedure of choice for the chief experiments of this 
investigation, but several less successful methods of preparation were 
tried in numerous other experiments. 

Active Immunization of Mice 

Tl)c mice used in these experiments were the Rockefeller strain. When possi- 
ble, mice weighing 24 to 26 gm. were used for active immunization, since they 
reemed to give better results than smaller ones. The dried antigenic extracts 
were di^^olvcd in phy.<;lological sodium chloride solution just before injection, 
which was made inlraperitoncally on 3 successive days with a rest period of 4 
days between courses. Usually three or four courses were given. The im- 
munized and untreated control mice were inoculated with the lest culture 1 week 
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after the last injection of the antigen. Experiments were terminated after 2 
weeks’ observation. 

The mice in the first experiment (Table I) were immunized for 4 weeks witli an 


TABLE I 


Active Protection Test in Mice 


Titer of Homologous Immunity 


o 



Mice immunized with c-xtrnct of type 1 strain, S118 
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The mice were immunized for 4 weeks: 3 injections of 0.01 mg. each were given 
the 1st week, 3 of 0.02 mg. each the 2nd, 3 of 0.04 mg. each the 3rd and 4th. 

The protection tests were performed as follows: A fresh 16 hour broth culture 
was scriall}' diluted with broth so that the amount inoculated was contained in 
0.5 cc. The inoculations were intrapcritoncal. The untreated controls corre- 
sponded in age and weight witli the immunized animals. The number of strepto- 
cocci injected was estimated in colony counts from poured blood agar platc.s con- 
taining 10“® cc., 10“~ cc., and 10“® cc., respectively, of the culture used for 
inoculating the mice. The number of colonies in lO-’’ cc. varied from two to si.v 
in different e.vperiments. 

In all e.xperiments S indicates animals which survived at least 2 weeks, and D 
indicates death on the day stated. 
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extract of strain S118 in the manner indicated in Table I. A total dosage of 0.33 
mg. was given to each animal. 1 week after the last injection,^ they were divided 
into six groups of 20 mice each, and each group was injected with a different dose 
of an overnight culture of strain S118. None of the mice receiving 1,000,000 
M.L.D. (10-- cc.) survived, but in all the groups receiving smaller doses enough 
animals survived to show definite protection against the homologous organism. 

The second experiment (Table 11) was designed to test whether the active 
immunity induced by these antigens was type-specific. Three sets of 84 mice 
were immunized for four courses with e.xtracts of streptococci of three different 
types (types 1, 3, and 14). The mice received the same amounts of antigenic 
extract as those in the first experiment. 1 week following the last dose of anti- 
gen each group was subdivided into six subgroups of 14 mice each. Six strains 
were used as test inocula, two each of types 1, 3, and 14. Each subgroup received 
10“' cc. of culture diluted in broth. This small dose, containing 10 to 100 ii. l. d., 
which killed all the control animals regularly, was selected in order to detect even 
slight evidence of cross protection. 

In each case, good protection was demonstrated against 10 to 100 lethal doses 
of streptococci of the homologous type, as there were 93 per cent survivors in type 
1, 93 to 100 per cent in type 3, and 43 to 50 per cent in type 14. On the other 
hand, comparably immunized mice, when inoculated with heterologous strains, 
showed only slight or no immunity. Some protection against the type 1 cultures 
was afforded to mice immunized with heterologous extracts, but little if any 
cross immunity was found where types 3 and 14 were used as test inocula. In 
every case type-specific immunity was clearly greater than the immunity against 
heterologous types. It is probable that if a larger dose of culture had been used, 
the immunity induced by immunization with extracts would have appeared 
strictly type-specific. 

Typc-Spccific Ivimunizalion of Rabbits with Extract 

After completing the experiments on active immunity in mice, an attempt was 
made to immunize rabbits with the same antigenic extract. The immunity was 
tested by protection of mice by the sera of these animals. The rabbits were 
treated as shown in Table III. During immunization the response to the antigen 
was determined by precipitin tests with the homologous hi extract. 

These tests showed that the sera of the two rabbits immunized with 
SI IS extract (rabbits R47-0S and R47-09) contained no precipitins 
against the homologous extract at the end of the third course, but 
both had precipitins and protective antibodies at the end of the’ fifth 
cour.se. The rabbit given seven courses showed no increase in anti- 
body titer over that reached at the end of the fifth scries. The sera 
of the two rabbits (R47-22 and R47-23) similarly immunized with an 



TABLE n 

Active Protection Test in Mice 
Type Specificity of Immunity 


Immunized mice 


Inoculated with lO"* cc. of 


Immunized 
with extract 
of strain 

Mouse 

No. 

Type 1 strains 

Type 3 strains 

Type 14 strains 


S118 

Tl 

DS8 

C203 

S23 

T14 

S118 

1 

(Homo 
D 7 days 

logons) 

D 1 day 

O 1 day 

O 1 day 

O 1 day 

O 1 day 

(type 1) 

2 

S 

S 

O 1 “ 

O 1 “ 

D 1 “ 

Ol “ 


3 

S 

S 

O 1 “ 

oi “ 

O 1 “ 

O 1 “ 


4 

S 

S 

O 1 “ 

O 1 “ 

O 1 “ 

O 1 “ 


5 

S 

S 

O 1 “ 

O 1 “ 

0 1 “ 

O 2 days 

1 

6 

S 

S 

O 1 “ 

O 1 " 

0 2 days 

; 02 “ 


7 

S 

S 

O 1 “ 

Ol “ 

02 “ 

02 “ 


8 

S 

S 

D 2 days 

O 1 “ 

03 “ 

02 “ 


9 

S 

S 

0 2“ 

Ol “ 

03 “ 

03 “ 


10 

S 

s 

02 “ 

O 2 days 

, 03 “ 

03 “ 


11 

S 

s 

02 “ 

0 2“ 

05 “ 

03 “ 


12 

S 

s 

02 “ 

0 2“ 

05 “ 

03 “ 


13 

S 

s 

03 “ 

0 2“ 

09 “ 

03 “ 


14 

S 

s 

0 3 “ 

02 “ 

S 

05 “ 

DS8 

1 

D 1 day 

D 1 day 

(Homo 

S 

logons) 

0 3 days 

0 1 day 

0 1 day 

(types) 

2 

D 1 “ 

D 1 “ 

S 

S 

0 1 “ 

O 2 days 

3 

D 1 “ 

D 1 “ 

S 

S 

0 1 “ 

02 “ 


4 

D 2 days 

D 2 days 

S 

S 

O 1 “ 

02 “ 


5 

D2 “ 

0 2“ 

S 

S 

O 2 days 

02 “ 


6 

D 2 “ 

D 2 “ 

S 

S 

02 “ 

0 2 “ 


7 

D 2 “ 

D 2 “ 

S 

S 

02 “ 

0 2" 


8 

D2 “ 

D2 “ 

S 

S 

0 2“ 

02 “ 


9 

D 3 “ 

S 

S 

S 

03 “ 

02 “ 


10 

D3 " 

S 

S 

S 

03 “ 

0 2" 


11 

S 

S 

S 

S 

03 “ 

03 “ 


12 

S 

S 

S 

S 

07 " 

03 “ 


13 

S 

S 

S 

S 

0 7 “ 

03 “ 


14 

S 

S 

S 

S 

S 

OS “ 

S23 

1 

D 1 day 

D 1 day 

O 1 day 

O 1 day 

(Homo! 
O 1 day 

logons) 

0 1 day 

(type 14) 

2 

D 1 “ 

D 1 “ 

O 1 “ 

O 1 “ 

O 1 “ 

0 2 days 

3 

D 1 “ 

D 1 “ 

O 1 “ 

O 1 “ 

O 2 days 

0 2 “ 


4 

D 1 “ 

D1 “ 

D 1 “ 

O 1 “ 

05 “ 

0 2“ 


5 

D 1 “ 

D 1 “ 

O 1 “ 

O 1 “ 

0 5“ 

03 “ 


6 

D 2 days 

D 2 days 

O 1 “ 

O 1 “ 

06 “ 

0 3 “ 


7 

D 2 “ 

D 2 “ 

O 1 “ 

D 1 “ 

D 7 “ 

0 3 “ 


8 

D 2 “ 

D 2 “ 

O 1 “ 

O 1 “ 

S 

09 “ 


9 

D 2 “ 

D 2 “ 

O 1 “ 

O 1 “ 

S 

S 


10 

D 2 “ 

0 2" 

D 1 " 

O 2 days 

S 

s 


11 

D 2 “ 

0 3 “ 

O 1 “ 

0 2“ 

S 

s 


12 

S 

0 3“ 

O 1 “ 

02 " 

S 

s 


13 

S 

S 

D 2 days 

0 2“ 

S 

s 


14 

S 

S 

0 2" 1 

0 2“ 

s 

s 


•J.I2 
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TABLE n — Concluded 

Untreated virulence control nuce 


Inoculated with 


Mouse 

No. 

— 

Type 1 strains 

Tj^pe 3 strains 

Type 14 strains 


Dose - 

S118 

T1 

D55 

C203 

S23 

T14 

1 

cc. 

io-« 

D 1 day 

D 1 day 

D 1 day 

D 1 day 

D 1 day 

D 1 day 

2 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ . 

D 1 “ 

D 1 “ 

3 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

4 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

5 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

6 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

7 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 2 days 

8 ' 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 2 “ 

9 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D2 “ 

10 


D 1 “ 

D 1 “ 

D 1 “ 

D 2 days 

D 2 days 

D2 “ 

11 


i D1 “ 

1 D 1 “ 

D 1 “ 

I D 2 “ 

D2 " 

D2 “ 

12 


D 1 “ 

D 1 “ 

D 1 “ 

D 2 “ 

D2 “ 

D2 “ 

1.1 


D 1 " 

D 1 “ 

D 1 “ 

D 2 “ 

D2 “ 

D2 “ 

14 


D 5 days 

D 1 “ 

D 2 days 

D 15 “ 

D2 “ 

D7 “ 

1 

10-’ 

D 1 day 

D 1 “ 

D 1 day 

D 1 day 

D 1 day 

0 2" 

2 

1 

D 1 “ 

D 1 " 

D 1 “ 

D 1 “ 

D 1 “ 

02 “ 

3 


D 1 “ 

D 1 “ 

D 1 “ 

D 1 “ 

D 2 days 

02 " 

4 


D 1 “ 

D 1 “ 

D I “ 

D 2 daj’S 

D 2 “ 

02 “ 

5 


S 

D 1 " 

D 3 days 

D 9 “ 

S 

0 2 " 

1 

10-« 

D 1 day 

D 2 days 

D 1 day 

D 2 “ 

D 2 days 

O 1 day 

2 


S 

D 2 “ 

D 1 “ 

D 2 “ 

S 

O 2 days 

3 


s 

D 2 “ 

D 2 days 

D 2 “ 

S 

02 “ 

4 


S 

D2 “ 

D 2 “ 

S 

0 2“ 

.S 

1 s 

1 s 

1 s 

S 

S 

S 


extract of strain D58, contained demonstrable tj'pe-specidc precipitins 
and protective antibodies after 3 weeks’ immunization; and the titer 
was increased following 2 weeks’ further immunization. 

The capacity of these sera to protect mice was tested with six 
difTcrent strains of hemolytic streptococci, representing three types 
(Table IV). The SI IS scrum was a pool of bleedings from rabbit 
Ivl7-0S after the fifth and seventh courses of injections of antigen. 
The 1)5S scrum was taken from rabbit R47-23 after the fifth course. 
Although the cultures used in the passive protection experiments were 
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somewhat less virulent than usual, as shown by the sunaval of some 
control mice, nevertheless, there was distinct protection against 
1,000 to 100,000 M.L.D. of the homologous type streptococci with 
some irregular deaths. The few survivals among animals tested with 
heterologous strains were ver}'- irregular, and the results in general 
show strict type specificity in these passive protection tests. 

TABLE ni 


Protocol of Immunization of Rabbits with Extracts 


Course of 
injection 

Rabbits R47-08 and R-17-09* with SMS 
extract 

Rabbits R47-22 and R47-23 with D5S 
extract 

1st 

2 . 5 mg. daily for 5 days 

2 . 5 mg. daily for 5 days 

2nd 

^ ^ it a a ti 

2 ^ it if it 

3rd 

^ Q a it it a ti 

^ Q ii (( a it 


Test bleeding 

Test bleeding 

4th 

10.0 mg. daily for 5 days 

5.0 mg. daily for 5 days 

5th 

Q (( tt it it it 

Q tt tf it it tt 


50 cc. bleeding 

Final bleeding 

6 th 

10.0 mg. daily for 5 days 


7th 

20.0 “ “ “ “ “ 

Final bleeding 



Immunizing material was dissolved in saline, 1 to 2 cc. and given intravenously. 
There were 2 days of rest between each course e.xcept where a bleeding was taken, 
in which case the interval was a week. 

* The final bleeding from rabbit R47-09 was taken after the sixth course of 
injections. 

Precipitin Reactions with Anti-Extract Sera 

In Table V arc shown the precipitin reactions wdth samples of the 
same sera used in the passive protection tests recorded in Table IV. 
The M substances used as reagents were extracted with n/20 HCl 
in a boiling water bath as previousl}’- described (16). The immediate 
reactions were strikingly type-specific, but on standing overnight in 
the ice box the somewhat confusing cross reactions appeared. The 
latter are recorded in the table. The type 1 serum was not ver}- po- 
tent but reacted most strongly with extracts of the homologous type 
strains, SI IS and Tl. It also gave weak reactions wdth all three of 
the tj'pc 3 extracts used but none with the tj^pc 14 extracts. The 
much more potent type 3 serum gave good immediate precipitates 
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v/ith extracts of all the homologous type strains (T3, D58, C203), 
and weaker reactions with the type 1 extracts. With tj^e 14 ex- 
tracts, the type reactivity of which had been previously established 
by testing with antibacterial sera, this serum (R47-23) gave only traces 
of precipitin reaction. Neither serum contained group-specific 
antibody, as indicated by their failure to precipitate with a solution 
of group-specific C polysaccharide which, in the dilutions used, reg- 
ularly precipitated sera known to contain the group-specific anti- 
C precipitin. 

It is highly probable that the cross reactions in the precipitin tests 
are due to the presence of non-type-specific antibodies in the rabbit 
serum and of non-type-specific precipitinogens in the M extracts used. 

Absorption of Antibacterial Serum with Extracts 

In order to test the evidence identifying this antigen with the sub- 
stance in intact streptococci which stimulates the production of pro- 
tective antibodies in rabbits, the antigen was used to absorb protective 
antibody from a serum made by immunizing a rabbit with whole 
streptococci. Since Mudd and his collaborators (3) state that the 
type-specific protective antibody cannot be absorbed by the M frac- 
tion, extracted with n/20 HCl in a boiling water bath, another sample 
of the scrum was absorbed with the M substance so prepared. 

A rabbit was immunized chiefly with heat-killed but also with living culture 
of tlic type 1 strain, Tl. Its serum gave a strong precipitin reaction with the 
homologous M antigen, and regularly protected mice against 1,000,000 it.L.D. 
of type 1 strains. One portion of serum was absorbed with a known antigenic 
extract of strain SI 18 (lot 61, made in the same manner as that used as antigen 
for the active and passive immunization experiments). /Another portion was 
absorbed with an M extract of strain SI 18 made with n/20 HCl in a boiling water 
bath. Neither solution contained demonstrable group-specific C polysaccharide. 
'1 he optimal proportions point for the precipitation of the serum by each antigen 
was determined by titration (17), and the solutions of antigens were added 
to the respective sera in double the optimal proportions. After incubating the 
mixtures at 37“ for 2 hours and keeping them in the ice box overnight, the precipi- 
tates were removed and discarded and more of the respective antigen was added 
to the partially absorbed sera. Practically complete absorption was indicated 
by the lack of further precipitation with the lot 61 antigen and bv the mere trace 
of precipitate with the M extract prepared by the older method. ' Serial dilutions 
of c.ich absorbed scrum and of a control lot of the same serum unabsorbed were 



TABLE rv 


Passive Protection Test in Mice — Type Specificity of Immunity 

Serum from rabbit R47-08 immunized with SllS (type 1) extract 


Mice inoculated with test culture 


Dose 

Mouse 

No. 

Type 1 strains 

Tj-pe 3 strains 

Type 14 strains 


SU8 

Tl 

DS8 

C203 

S23 

T14 


cc. 


(Homol 

ogous) 





10-3 

1 

D 1 day 

D 1 day 






2 

D 1 “ 

D 1 “ 






3 

S 

S 






4 

S 

S 





]0-« 

1 

D 3 days 

S 






2 

S 

s 






3 

S 

s 






4 

S 

s 





10-3 


D 3 days 

s 

D 1 day 

D 1 day 

D 1 day 

D 1 day 



D4 “ 

s 

D 1 “ 

D 1 “ 

D 2 days 

D 1 “ 



S 

s 

D 1 “ 

D 1 “ 

D4 “ 

D 8 days 



S 

s 

D 2 days 

D 1 “ 

D4 “ 

S 

10-6 

1 

D 2 days 

s 

D 1 day 

D 1 “ 

D 3 “ 

D 2 days 


2 

S 

s 

D 1 “ 

D 1 “ 

D 3 “ 

D4 “ 


3 

S 

s 

D 2 days 

D 1 “ 

D9 “ 

D5 “ 


4 

s 

s 

D2 “ 


S 

S 

10-7 

1 

s 

s 

D2 “ 

D 1 day 

D 2 days 

D 3 days 


2 

s 

s 

D2 “ 

D 1 “ 

D 3 “ 

D3 “ 


3 

s 

s 

D3 “ 

D 2 days 

D4 “ 

D6 “ 


4 

S 

s 

D3 “ 

D 2 “ 

S 

S 




Virulence controls: no scrum 



10-3 

1 

D 1 day 

D 1 day 

D 1 day 

D 1 day 

D 1 day 

D 1 day 


2 

D 1 “ 

D 1 " 

D 1 “ 

D 1 “ 

D 1 “ 

S 


3 

D 1 “ 

D 1 " 

D 2 days 

D 1 “ 

D 4 days 

S 


4 

D 1 “ 

S 

D 2 “ 

D 1 “ 

S 

S 

10-3 

1 

D 1 “ 

D 1 day 

D 1 day 

D 1 “ 

D 1 day 

D 1 day 


2 

D 2 days 

D 1 “ 

D 2 days 

D 1 “ 

D 1 “ 

D 1 “ 


3 

D 2 “ 

D 1 " 

D 2 “ 

D 1 “ 

D 2 days 

D 2 days 


4 

D 2 “ 

S 

D 2 “ 

D 1 " 

S 

S 

10-7 

1 

D 1 day 

D 3 days 

D 1 day 

D 1 “ 

D 1 day 

D 1 day 


2 

D 2 days 

S 

D 2 days 

D 1 “ 

D 1 “ 

D 2 days 


3 

D 2 “ 

S 

D 2 “ 

D 1 “ 1 

S 

S 


4 

S 

S 

D 2 “ 

D 10 days 

s 

S 

10-3 

1 

D 3 days 

D 1 day 

D 5 “ 

S 

s 

S 


9 

S 

S 

S 

S 

s 

S 



S 

S 

S 

S 

s 

S 


4 

S 

S 

S 

S 

s 

S 
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TABLE TV— Concluded 



IS to 20 pm. mice were injected intrapcriloncally with 0.5 cc. of the serum 
iiuliralcd, the d.iy before inoculation. Fresh 12 hour blood broth cultures were 
diluted fcri.illy with broth so that 0.5 cc. contained the desired dose. The amounts 
recorded v.erc injected intraperitoncally into four mice in each set. Similar sets 
o' mire ^^hich had received no scrum were included as virulence controls. 
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given to mice. On tlie following day all the mice were inoculated with varying 
amounts of strain S118. 


TABLE V 
Precipitin Reactions 


Antisera Prepared with Extracts 





M cxtr.scts for precipitin tests 


Group- 

spccluc 

C 

fraction 










Serum 


Type 1 strains 

Type 3 strains 

Type U strains 












Si 18 

T1 

DS8 

C203 

T3* 

S23 

T14 


Rabbit R47-0Santi- 

B 





■ 

■ 

■ 

B 

SI 18 extract 
(type 1) 

H 





I 

■ 

■ 

H 

0.2 cc. 


— 

+ + 


db 

n 




(t ti 


- 

+ + 

+ 

+± 

H 


B 


« « 

0.1 

+ 

+ 

+ 

zfc 

B 




<t (( 

■jKim 


+rt 



B 




<t tt 


+ db 

++ 


_ 

B 


B 


« « 


-f-i 

+ + 

H 

— 

B 

H 

Hli 

BH 

Rabbit R47-23anti- 










D58 extract 
(type 3) 










0.2 cc. 

0.4 

++ 

+ + 

+++ 

++ 

++ 

+ 

zb 

— 

u u 

0.2 

+± 

+ =fc 

+++ 

+ + + 

+++ 

+ 

+ 

— 

ft <( 

0.1 

+± 

+± 

H — 

++± 

+++ 

d: 

+ 

— 

' if 

0.05 

+ 

+ 

+ 


++ 

zb 

- 

— 

if ff 

0.025 


db 

=b 

+ 

+± 

zb 

— 

— 

if ff 

0.013 


± 

rb 

+ 

db 

— 

— 

— 


The M extracts used here were prepared by heating at 100°C. with n/20 HCI 
and after alcohol precipitation were made up in a final concentration of about 
one-fifth of the original volume of extracts. Serial dilutions were made witli 
saline in 0.4 cc. volume. To each tube 0.2 cc. of scrum was added, they were 
then incubated at 37° for 2 hours and kept in the refrigerator overnight before 
reading. Readings were made on a scale of -b-f-f-f to ±. The C fraction 
used here was made from the type 6 strain S43 by acid extraction and the protein 
removed with HgCl;. In the concentrations used here it gave strong precipitin 
reactions with sera potent in anti-C. 

Strain S43 was isolated in Tc.xas in 191S from the throat of a patient with 
measles. 

* Strain T3 is Griffith’s strain “Lewis opaque,” kindly sent by Dr. Griffith 
as a representative of type 3. It ^%■as given 40 passages through mice to increase 
its virulence and its content of typc-spccific substance. 
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The results of the absorption experiment recorded in Table AT], 
indicate that the lot 61 extract removed the protective antibody from 
the antibacterial serum so that even in doses of 0.5 cc. the absorbed 
serum no longer protected against as little as 100 ir.L.D. (10“° cc.) 
of a strain of homologous type. The absorption with the M substance, 
extracted at 100° with n/ 20 HCl, was only slightly less complete; 
0.5 cc. of this absorbed serum protected only against 100 and 1,000 
M.L.D. and not against larger doses of culture. This amount of 
protection was insignificant when compared with the original titer 
of the serum which was high enough for 0.06 cc. to protect a mouse 
against 100,000 m.l.d. 

Active Immunization of Mice voith M Extracts 

The hypothesis that the M substance is essentially similar to the 
antigenic substance in extracts active in inducing immunity was also 
tested by the following experiment. 

Mice were immunized actively with M extracts prepared by heating firing 
streptococci with n 720 HCl for 15 minutes in a boiling water bath. The antigen 
was further purified by reprecipitating twice from saline solution with three to 
four volumes of 95 per cent ethyl alcohol. A neutral solution of the antigen was 
filtered through a Berkefeld N filter; and the amount to be injected was calcu- 
lated on the basis of the trichloroacetic acid precipitable fraction. The antigen 
was distributed in tubes, each containing enough for one day’s immunization, 
and dried from the frozen state on the Flosdorf-Mudd Ij’ophile apparatus. 

In Table ITI arc recorded the results of testing mice immunized 
with the e.xtract. One set of animals received 0.33 mg. of material, 
the same dosage as those recorded in Tables I and II. Only 20 per 
cent of these survived an inoculation of 100 m.l.d. of the homologous 
strain St 18. In another set which was immunized with 6.6 mg., 
60 per cent survived a similar inoculum. A prcliminar}' test with a 
similar M c.xtract, but unfiltercd, also showed 60 per cent survival 
when large immunizing doses were given for 4 weeks. 

Preliminary Chemical Studies of the Antigenic Extract 

Total nitrogen and phosphorus analyses on three typical extracts 
arc given in lable \TII. Since the high phosphorus content and the 
precipitahility at pH 4.5 suggested that nucleic acid might be present. 
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spectroscopic examination of several preparations was made.® All 
showed an absorption spectrum characteristic of nucleic acid, that is, 
a wide band with maximal absorption at about 2,600 A. Quantitative 
spectroscopic estimates, using yeast nucleic acid as a standard, in- 

TABLE VI 

Absorption Experiment 
Passive Protection Test m Mice 


Type 1 antibacterial serum 

Culture: Type 1, strain S118 



10-2 cc. 

10-3 cc. 

lO-t cc. 

lO-s cc. 

Unabsorbed 

cc» 

0.5 

S 

S 

S 

S 



S 

s 

s 

S 



S 

s 

s 

D 2 days 


0.06 

S 

D 3 days 

D 2 days 

D 12 “ 


0.03 

D 3 days 

S 

D2 “ 

S 

Absorbed with type 1, S118 

0.5 

D 1 day 

D 3 days 

D 1 day 

D 1 day 

e-xtract: Lot 61 antigen 

0.25 

D 1 “ 

D2 “ 

D 2 days 

D 2 days 

used for active and pas- 

0.12 

D 1 “ 

D 1 day 

D 1 day 

D2 " 

sive immunization tests 

0.06 

D 1 “ 

b 1 “ 

D 2 days 

D2 “ 


0.03 

D 1 “ 

D 1 " 

D 2 “ 

D 1 day 

Absorbed with type 1, SI 18 

0.5 

D 1 “ 

D 1 “ 

S 

S 

M extract, made with 

0.25 

D 1 “ 

D 2 days 

D 2 days 

D 2 d.iys 

n/ 20 HCl at lOO^C. 

0.12 

D 1 “ 

D 1 day 

D 2 “ 

D5 “ 


0.06 

D 1 “ 

D 1 “ 

D 1 day 

D 3 “ 


0.03 

D 1 “ 

D 1 " 

D 2 days 

D 3 “ 


Virulence controls: Inoculated with str-iin SI IS 


20 mice inoculated with lO"® cc. 

6 mice inoculated with lO-t cc. 

6 mice inoculated with lO'S cc. 

10 mice D 1 day I 

3 mice D 2 days 

6 mice S 

S “ D 2 days 

1 mouse D 5 “ 


2 “ S 1 

2 mice S | 




dicated that usually 25 to 30 per cent of the material in the extracts 
was nucleic acid. The biuret test and the Sakaguchi test for arginine 
were positive in high dilutions of the extracts. Since the relationship 

® We are Indebted to Dr. George Lavin for the spectroscopic determin.itions 
on these preparations. 
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TABLE \TI 

Active Protection Test in Mice 
Immunized with M Extract* of Strain SllS 


Immunized mice; Immunity tested by inoculating with lO"® cc. strain SU8 


Mouse No. 

Each mouse immuniicd with 
total dosage 0.33 jng. of extract 

Each mouse immunized with 
total dosage 6.6 mg. of extract 

1 

D 1 day 

D 1 day 

2 

D 1 “ 

D 1 “ 

3 

D 1 “ 

D 2 days 

4 

D 2 days 

D4 “ 

5 1 

D4 " 

S 

6 

D4 “ 

S 

7 

D4 “ 

S 

S 

D4 “ 

S 

9 

S 

S 

10 

S 

S 


Virulence controls! Inoculated with strain SllS 


20 mice inoculated with 10"< cc. 

5 mice inoculated with 10^ cc. 

5 mice inoculated with 10^ cc. 

16 mice D 1 day 

2 mice D 1 day 

4 mice D 2 days 

2 “ D 2da>'s 

3 “ D 2 days 

1 mouse S 

1 mouse D 5 “ 



1 “ D 12 “ 




Immunization was carried out in the same manner as with the mice reported 
in Table I, each set receiving four scries of injections. 

* Kxtract prepared by heating at lOO'^C. with N/20 HCl. 


TABLE \Tn 


Chemical Analysis of Typical Fractions Used for Immunization 


Lot No. 

Extract from 

■ 

N 

V 

\ 

N precipi- 
tated by 
trichloro- 
acetic add 

Nucleic 

add 




Win. 

fer cent \ 

per eeni \ 

per cenS 

Per cent 

61 

Strain SllS 

T>-pc 1 

15 

16.73 

3.97 

52.06 ' 

33.3 

62 

nss 

“ 3 

15 

15.60 

3.69 

50.61 

6.9 

65 

“ SllS 

“ 1 

5 

16.25 

3.40 

5S.72 

30.2 


of thc.se findings to tlic constitution of the active agent in the e.xtract 
is not certain, furtlicr work is being carried on in an attempt to clarify 
this point. 


I 
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DISCUSSION 

A substance has been obtained from extracts of group A hemolytic 
streptococci which induces active immunity in mice. On injection 
into rabbits it leads to the production of relatively type-specific 
antibody with which mice may be passively protected against in- 
fection with strains of the homologous type. Although the immunity 
in general was predominantly type-specific in nature, some non- 
type-specific reactions were also observed. It is important to realize 
that the methods employed for extracting the streptococci would 
probably not yield any single substance in a form approaching purity. 
This conception is strengthened by the previous work which suggests 
that the hemolytic streptococcus contains many proteins which arc 
precipitable at a pH near 4.5 (2) and this idea is, moreover, confirmed 
by the cross reactions seen in precipitin tests with some of the antisera 
obtained from rabbits immunized with this material. Although tlic 
first experiment (Table I) indicated active protection against the 
homologous strain, the second experiment (Table II) showed that this 
was not strictly type-specific. This cross immunity may be ex- 
plained by assuming either that it was induced by other antigens in 
the immunizing extracts having a broader specificity than the t3'pe- 
specific substance or that there are chemical and antigenic relation- 
ships among the type-specific substances themselves. 

In the passive protection experiments, on the other hand, type- 
specific immunity was striking, and the indication of cross protection 
among types so slight that its existence is questionable. In the 
precipitin tests with the immune sera prepared in rabbits and used 
for passive protection tests in mice (Table V), both type specificity 
and cross reaction were observed. The cross reactions here arc open 
to the same interpretation as in the experiment on active immunity. 
Although precipitin absorptions were not performed in the present 
experiments, previous work based on absorption experiments indicates 
that cross reactions obser\^ed in the precipitin test arc probably due 
to an admixture of antigens in the extract used to immunize animals, 
and, correspondingly in the M extract used as reagents in the test 
tube. 

In developing a method of extracting the antigen, di/Tcrent pro- 
cedures were tried, and the extracts were compared in their ability to 
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produce immunity in mice. While the method used in the present 
experiments was the best of those tried, there are certain steps in the 
procedure which were used empiricallj'^. In the light of experience 
gained since this method was adopted, it may be that heat-killing and 
grinding the bacteria' prior to extraction are not essential steps in 
obtaining the best antigens. We feel that it is important, however, 
to use young, actively growing cultures, prepared by the method 
described. The comparative experience in immvmizing rabbits, 
which shows that large doses of antigenic extract did not induce as 
potent antisera as smaller doses of whole streptococci, makes us feel 
that the antigenicity of the active substance had been impaired by 
extraction. Possibly some refinement of these extraction methods or 
a different procedure may furnish an antigen with unimpaired or little 
diminished activity. 

The nitrogen and phosphorus analyses of the extracts, the positive 
protein tests, and the spectroscopic analyses, as well as the behavior 
of the extracts in precipitating at pH 4.5, all suggest the presence of a 
nudeoprotein. It is impossible to say at present whether a nucleo- 
protcin is the agent active in inducing the immunity observed, since 
the extracts were undoubtedly impure preparations. Conceivably 
a verj’ small admixture of some other substance may have been re- 
sponsible for the antigenic actirity. 

The antigen we have extracted cannot, as yet, be compared with the 
labile antigen described by Mudd and his coworkers,' since they have 
studied that fraction mainly in its ability to absorb precipitins, ag- 
glutinins, opsonins, and of protective antibodies from antibacterial 
scrum, while we have confined ourselves principally to the production 
of active immunity in mice and protective antibodies in rabbits. 
Sevag, Lackman, and Smolcns (18) have recently stated that the 
labile antigen is a nudeoprotein. \\Tiilc the active agent in the ex- 
tracts described by us may be a nudeoprotein, it does not necessarily 
follow that it is the same as the labile antigen, since it is knoum that 
there arc many nudcoprotcins in the streptococcus (2), some of which 
arc undoubtedly non-type-spcdfic in nature. 

The extract studied by Stamp and Hendn.-, however, is similar to 
the one described here, since both arc made with N'/IO HCl at 37°C. 
Although the subsequent method of purification is different, both ex- 
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tracts produce active immunity in mice against the homologous strain 
of streptococcus. 

The active protection experiment in mice with the type-specific M 
substance extracted with n/ 20 HCl in a boiling water bath, shows that 
antigenic material is present, even though it is necessary to give larger 
amounts of it to obtain a degree of protection comparable to tliat 
elicited by the extract described in this paper. Both kinds of extracts 
react similarly in precipitin tests with specific immune sera, and both 
are also similar in the way they absorb the protective substance from 
immune sera. This last finding is at variance with the conclusions 
of Mudd and his collaborators, who were unable to absorb the pro- 
tective substance from antibacterial sera with M substance prepared 
as described above. 

The evidence presented, together with the general characteristics 
of the substance and manner of isolation, leads us to believe that the 
active principle in the extracts used for active and passive immuniza- 
tion in the present experiments is essentially similar to the active 
principle in the M extracts as formerly prepared, and probably also 
to the antigenic substances obtained by Stamp and Hendry, although 
different preparations exliibit varying degrees of purity and degrada- 
tion from the native state. This substance, immunologically dis- 
tinct for each serological type of group A hemolytic streptococcus, is 
probably the type-specific constituent in at least partially antigenic 
form. 

SUMMARY 

1. A substance extracted from group A hemolytic streptococcus is 
described, wliich induces active immunity in mice, and in rabbits gives 
rise to precipitins and to protective antibodies passively transferable 
to mice. 

2. The active immunity in mice is principally type-specific, but 
some degree of non-type-specific immunity is also developed. The 
passively transferable protective antibodies are type-specific with only 
a slight suggestion of non-type specificity. In the precipitin test, 
the rabbit immune sera give both type-specific and non-type-specific 
reactions whidi have not been fully analyzed serologically. 

3. Substances contained in the extract absorb the protective anti- 
bodies from the serum of rabbits immunized with whole hemolytic 
streptococci. 
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4. The most satisfactory method of extraction so far developed is 
fully described. Chemical tests on the material are consistent with 
the presence of protein and nucleic acid. 

5. The type-specific M substance, prepared as previously described, 
was compared in some of its antigenic properties with the above 
mentioned substance. It was found capable of inducing active 
immvmity in mice and of absorbing protective antibody from anti- 
bacterial immime serum in a manner qualitative!}’- similar to that 
obtained with the preparations made by the newer methods. 
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The occurrence and course of spontaneous adenomata and adeno- 
cardnomata of the uterus in the rabbit and the successful transplanta- 
tion of one of the tumors to animals of the same species were reported 
in a previous paper (1). Investigation of the transplanted tumor has 
been continued and extended in various directions with a view to 
determining the essential biological and pathological characteristics 
of the growth as compared ■with other transplantable tumors now used 
for experimental purposes. 

Many spontaneous tumors have been reported in the rabbit but 
very few have been successfully transplanted to normal animals. 
With the e.xception of the Brown-Pearce epithelioma (2) all of the 
transplantable tumors have been sarcomata and T\dth the further 
exception of Kato’s sarcoma (3) all were lost before any extensive 
experimentation could be carried out. During the past x'car, three 
dificrent types of spontaneous rabbit carcinomata, in addition to the 
uterine tumor, have been successful!}' transplanted and are being 
studied in a similar manner to supply a broader basis for comparison 
and as additional agents for the investigation of cancer problems. It 
has been found that the uterine tumor, designated as H31, is mani- 
festly dificrent from other transplanted rabbit tumbrs and possesses 
certain potentialities which render the growth a more advantageous 
medium for the study of certain phases of tire tumor problem. 

The object of the present paper is to report the results of several 
scries of interrelated c.xpcrimcnts including: first, serial transplanta- 
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tion in normal rabbits; second, transplantation in rabbits with sponta- 
neous tumors of the same nature; third, reinoculation of animals with a 
growing transplanted tumor; fourth, reinoculation of animals whicli 
proved refractory to an earlier attempt at transplantation and of 
animals in which transplanted tumors had completely retrogressed and 
finally, a series of experiments in which frozen and dried tumor 
material was introduced into normal uteri. 

While this report must be limited to results obtained with tlie 
uterine tumor referred to above, comparative statements of results 
are based in part upon experience with other tumors. Details of these 
experiments will be reported later. 

Materials and Methods 

The technique of transplantation employed in the present experiments has 
been fully described elsewhere (1). Whole fragments of tumor tissue measuring 
approximately 1 mm. in diameter were used in transfers to the anterior chamber 
of the e 3 ’'e, while testicular inoculations were made with 0.3 cc. of a thick cellular 
emulsion. 

The present report is based on a clinical and pathological investigation of the 
tumor through 12 serial generations in the anterior chamber of the eye and 6 
serial generations in the testicle. Tumor tissue was transferred to the eyes of 
23 normal males and 62 normal females w'hile 95 males were used for testicular 
inoculation. The results of simultaneous inoculation of both testicles or of one 
testicle and an eye were studied in 5 animals. Transplants were also made in 8 
females with spontaneous uterine tumors and 13 animals in which the tumor had 
failed to grow were reinoculated after periods of 35 and 69 days following the 
first inoculation. In addition, transplants were made in 3 animals in which a 
previously transplanted tumor was actively growing and in 13 animals in which 
the previousl}'^ transplanted tumor had completely retrogressed. 

Six animals were used in an attempt to induce neoplasia with dried frozen 
tumor material. Fresh tumor tissue was obtained from the eye of an animal of 
the 6th serial generation. The tissue was immediately frozen in dry ice and dried 
in a vacuum machine. The resulting powder was emulsified in water and in- 
jected directly into the uterine mucosa. The animals were kiUed 42 days after 
injection and sections of the mucosa were examined histologically. 

Throughout the e.xperiments particular attention was directed toward a thor- 
ough gross and histological postmortem c.xamination, not only to follow the 
morphological characteristics of the tumor and to discover the presence or absence 
of metastases but, also, to determine the condition of those organs altered in 
spontaneous cases of the tumor. Pituitar>' glands were fi.vcd in Susa’s solution 
and stained by a modification of Malloiy’s aniline blue method, while routine 
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tissues were fixed in Petrunkevitch’s solution and stained with hematoxylin and 
eosin. 

Serial Transplantation into the Anterior Chamber 

The results of serial transfer of tumor fragments into the anterior 
chamber of the eye are presented in Table I. Successful transplanta- 
ion was effected in 82.8 per cent of all the animals used but varied 
from 33.3 per cent to 100 per cent in different generations. In early 

TABLE I 


Anterior Chamber Series 


Generation 

Date of transfer 

Number of animals 
used 

Takes 


1937 


per ctnl 

1 

Mar. 10 

3 

66.6 

2a 

May 18 

3 

33.3 

Zb 

“ 28 

3 

66.6 

3 

Aug. 10 

6 

33.3 

4 

Oct. 21 

8 

87.5 

S 

Nov. 29 

8 

87. S 


1935 



6 

Jan. 13 

7 

100.0 

7a 

Feb. 24 

6 

83.3 

lb 

Mar. 3 

6 

50.0 

8a 

Apr. 5 

3 

100.0 

8b 

“ 12 

14 

100.0 

9 

M.ay 18 

7 

100.0 

to 

June 20 

5 

100.0 

11 

July 20 

8 

15.0 

12 

Sept. 21 

6 

100.0 

Tout 


93 

82.8 


transfers the tissue was obtained from transplants var^ung from 2 to 3 
months in age while in later transfers the inter\'al between transplanta- 
tions rarely exceeded 1 month. 

The age of the transplant undoubtedly played a part in the greater 
incidence of takes but there is also evidence that adaptation to the 
environment of the anterior cliamber was of considerable importance 
in this re.spcct. Two experiments bear on tliis point. In one c.xperi- 
ment tissue fragments from a growtli in Uie testicle representative of 
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the 7th generation of the tumor were transferred to the anterior 
chambers of 14 animals and resulted in 38.5 per cent of takes. In a 
second experiment the transfer of fragments of another testicular 
growth of the same generation into the eyes of 13 animals resulted in 
41.6 per cent of takes. These results are similar to those observed in 
the first part of the series under discussion, despite tlie fact that the 
tumor had been successfully transplanted for 7 generations, and 
indicate that the high percentage of takes in the latter part of tlie 
series was influenced by adaptation to the environment of the anterior 
chamber, rather than by adaptation to transplantation in general. 

The regular increase in the incidence of takes was interrupted in 
August, 1937, and in July, 1938. A similar reduction in the number 
of takes during these months has been noted in the study of other 
tumors propagated by different routes of inoculation and has occurred 
to a much greater degree in the testicular series of the present tumor. 

Latent Period . — A gradual decline in the period required before growth of the 
transplanted fragments became apparent was observed throughout the first 5 
generations but, even after the 5th transfer, definite evidence of growth could 
only rarely be detected in less than 1 month. Abruptly after the 6th transfer 
this period was cut to 14 days and while, at the present time, signs strongly indi- 
cative of growth may be found in a shorter period, an earlier positive diagnosis 
of growth cannot be made. 

The first indication of survival is a pinkish color change in the transplanted 
fragment without any appreciable increase in its size. At the present time, this 
can often be detected by the 6th day. The color change appears simultaneously 
in all parts of the fragment and increases slightly in intensity throughout the 
following week. In contrast, fragments that fail to grow become dull white in 
color and opaque. In recent transfers, minute pin point pinkish-white areas arc 
frequently observed in regions where formerly no trace of the transplant could 
be seen. Such areas have been interpreted as resulting from the growth of cells 
dislocated from the graft during its passage through the chamber. 

An increase in the size of the transplant can usually be detected by continuous 
observation during the 2nd week. This is facilitated by the transplantation of 
fragments with irregular outlines so that small changes in a given locus can be 
readily perceived. Comparative drawings taken at daily intervals, in such 
cases, show a slight but definitely detectable tendency toward the rounding out 
of sharp, angular irregularities which is usually apparent by the 8th day. This 
process continues and at the time of vascularization, the irregular outlines have 
disappeared and the transplant is round or oval in sh.ape. 

Vascularization and Subsequent Grcnvllt . — The transferred tumor fragments 
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always become attached to a fixed part of the anterior chamber, usually the iris, 
within 12 hours of transplantation. Attachment occurs whether or not growth 
subsequently takes place and is evidently brought about by an exudative reaction 
on the part of the host. It is not associated with a connective tissue or vascular 
proliferation but is loose and may be disrupted by applying pressure along the 
comeal surface. Evidence of vascularization has not been detected before the 
14th day and is frequently not observed before the 21st day. It should be noted, 
however, that stroma replacement and vascularization began along the area of 
attachment and the process may be of some duration before blood vessels can be 
seen in the gross on the exterior of the transplant. 

In all but a single instance, fragments that have undergone the color change 
and increase in size previously described have eventually become vascularized. 
Vascularization is often delayed for as long as 3 weeks and in the interim the 
fragment may double its mass or remain without appreciable change. In excep- 
tional cases, fragments have persisted without a detectable blood supply or in- 
crease in size for 2 months and then have become vascularized with subsequent 
rapid development into large tumors. 

Vascularization is effected by a growth of vessels from the iris which permeate 
the graft in all directions and form a fine, complicated network about the growing 
edge. The appearance of the vascularized transplant is sufficiently characteristic 
to differentiate it from grafts of other tumors of different origin growing in the 
same environment. The tissue appears homogeneous and pale pinkish-white in 
color, except for the peripheral region which is of a deeper hue. Occasional 
minute greyish flecks arc seen but the patterned arrangement of dark and lighter 
areas found in other growths is entirely absent. The tendency to form rounded 
masses with smooth clear-cut edges persbts until infringement on the boundaries 
of the anterior chamber forces a change of shape. 

Eventual Fate— A large proportion of the animals used in these 
experiments were killed as soon as successful transplantation into the 
next serial generation became apparent, but others were held to 
determine the eventual fate of the growth. 

The growth rale was increased after vascularization in all instances 
but varied in different generations and in individual animals. The 
period required for the complete filling of the anterior chamber varied 
from 45 to 105 days in animals of the same generation and, while the 
chamber was rarely filled in less than 60 days in the earlier transfers, 
complete replacement has been obserx-cd by the 20th day in recent 
generations. It should be noted, however, that in recent generations, 
growth invariably occurred in multiple foci and the resulting nodules 
coalc.sced so that the increase in growth rate was not as great as is sug- 
gested by these time relations. 
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After filling the anterior chamber, the growth undenvent regressive clianges 
in approximately 70 per cent of cases. The tissue became brown, granular and 
opaque and, eventually was entirely resorbed leaving no permanent damage other 
than large corneal scars and occasional synechiae. On the other hand, in the 
remaining 30 per cent of cases, growth continued, the cornea was invaded and 
the tumor protruded externally as a large fungating mass. Animals of this class 
have been killed for humane reasons, and hence there is no telling what their 
eventual fate would have been. Autopsy revealed the presence of metastases in 
two instances. One animal had been killed on the 184th day after transplantation 
and secondary growths were found in the regional lymph nodes, the lungs, the 
pancreas and the left ovary. In anotlier animal killed on the 161st day, the re- 
gional nodes alone were involved. 

As a rule, the more rapidly growing transplants undergo regression after filling 
the chamber, while those with a slower growth rate tend to invade and to extend 
to the outside. It seems probable that the regressive changes may be a direct 
result of an increased intraocular pressure incident to rapidly e.xpanding growth 
in a confined space and leading to a progressive diminution of blood supply. The 
fact that, in the normal course of events, regression has never been observed 
before the entire chamber is filled is also suggestive in this respect. It is of in- 
terest in this connection that surgical interference with removal of a small part 
of the graft is almost invariably followed by regression. 

No attempt was made in the present series of experiments to select 
animals to test the effect of different constitutional factors on tlie 
susceptibility to transplantation or on the eventual fate of the growth. 
Hybrids were used, for the most part, and no indication of breed 
differences can be obtained from the data. An analysis of the results 
on an age basis shows that while no significant variation in the 
susceptibility to transplantation occurred, tlie transplants grew more 
rapidly in young animals and after replacing the anterior cliambcr, 
regression rather than continued extensive growth was the rule. Ihe 
percentage of takes was the same in males and in females and the 
subsequent fate of the tumor was not altered by the sex of the animal. 

Histological Examination . — ^Histologicalljq the transplants obtained 
from animals of early serial generations showed an approximate dupli- 
cation of the characteristics of the parental tumor (Fig. 1). There 
was an abortive attempt at the formation of acini which for the most 
part were composed of solid cellular masses and were without a lumen. 
Mitotic figures were not numerous and degenerative changes were 
rarely found. The stroma was abundant and myxoid in character. 
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In later generations, growth was more atypical and anaplastic 
(Fig. 2). 

A tendency to fonn rounded masses nras still apparent, particularly along the 
advancing edge of the tumor, but in other regions individual masses had coalesced 
to form solid sheets. In such regions the frequent occurrence of round areas of 
necrosis surrounded by concentrically arranged epithelial cells indicated the 
manner of growth. Stroma was sparse and poorly differentiated. Large cellular 
regions were separated by fibrous connective tissue extensively invaded by epi- 
thelial rplb which formed abortive acini in some areas but grew, for the most 
part, in short strands and columns giving the tissue a marked resemblance to 
sections of scinhous carcinoma. The number of mitotic figures and the amount 
of necrosis were directly proportional to the rate of growth observed clinically. 

Necrosis dominated the picture in animals killed while the tumor was imder- 
going clinical regression. Large circumscribed necrotic areas were distributed 
locally throughout the cellular regions and in older growths these regions were 
completely necrotic except for a narrow rim of intact cells surrounding vascular 
channels. On the other hand, epithelial cells enmeshed in fibrous tissue remained 
intact for a longer period of time and the eventual disintegrative changes pro- 
ceeded through karj'orrhexis rather than karyolysis as in the more cellular areas. 

All structures of the anterior chamber with the exception of the lens were 
invaded and destroj'cd in the large fungating tj-pes of growth. The posterior 
chamber was frequently involved and was occasionally found filled with tumor, 
but extension through the Edera to retro-orbital tissues has not been observed. 

Mctastascs were less cellular in structure than the primary growth 
and the connective tissue reaction was more marked (Figs. 3 and 4). 
The proliferation of fibrous connective tissue was so intense in the 
lung, particularly near the pleural surface, that serial sections were 
frequently required before the essential epithelial elements could be 
found. The resemblance to scirrhous carcinoma was striking in these 
regions but in other organs parenchymal cells were grouped in at>'pical 
acinar arrangement and the stromal relations approximated those of 
the primarj’ growth. 

Serial Transplantaiion in the Tcsliclc 

Transplantation of the tumor into the testicle was successfully 
carried out from the 3rd, 4tli and 5th serial eye generations and the 
growth obtained from the 4th eye generation has been propagated by 
continued serial transfer in two dincrent lines of animals. 

Tljc results of serial transfer by this route of inoculation are pre- 
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sented in Table II. Growth occurred in only 41.05 per cent of the 
animals used and the success of inoculation was extremely irregular in 
the different serial generations. 100 per cent of takes was obtained at 
one transfer while other transfers resulted in complete failure. The 
more successful transfers were made during the fall and winter months 

TABLE n 


Testicular Series 



Testicular 

generation 

Serial 
generation 
of tumor 

Date of transfer 

Number of 
animals 
used 

Takes 

Series A 

1 

4 

1937 

Oct. 21 

2 

per cent 

50.0 


2 

5 

193S 

Mar. 3 

4 

75.0 

Series B 

1 

5 

1937 

Nov. 29 

3 

66.6 


2 

6 

193S 

Jan. 12 

8 

25.0 


3 

7 

Mar. 3 

3 

100.0 


4 

8 

Apr. 5 

9 

66.6 


S 

9 

June 13 

4 

75.0 


6 

10 

July 21 

8 

25.0 


6 

10 

Aug. 22 

7 

00.0 

Series B 2 

3 

7 

Feb. 16 

11 

54.5 


3 

7 

Mar. 3 

10 

50.0 


4 

8 

Apr. 4 

12 

25.0 


5 

9 

May 28 

5 

00.0 


5 

9 

July 13 

4 

00.0 

Series C 

1 

6 

Feb. 4 

S 

80.0 

Total 




95 

41.05 


and the largest per cent of takes resulted from inoculations made in 
February and early March. On the other hand, the failures occurred 
in the late spring and summer. 

A distinction between the effects of adaptation and of season on the 
behavior of the testicular transplants is extremely difficult in the 
present series. Extreme seasonal variations are known to occur and 
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the present series of expenments were undertaken at different seasons. 
Thus, while the success of the first generation transfers appears to be 
directly related to the length of time that the tissue used had pre- 
viously been serially transplanted in the eye, there is no indication 
in the data as to whether season or adaptation to transplantation was 
the determining influence. It is evident, however, that the percentage 
of takes in subsequent testicular generations was not increased by 
continued passage in that organ. 

The percentage of takes was not consistently increased by shorten- 
ing the interval between transfers but here again the influence of sea- 
son may have been operative. On the other hand, the latent periods 
in the first generation transfers averaged 30 days irrespective of the 
season in which inoculations were made. Moreover, this period 
decreased to 14 days in subsequent generations and was not altered 
•with changes of season. 

The rate of gro-svth varied -within wide extremes but the variations were more 
marked between animals of different genetic constitution in the same generation 
than between similar animals in different generations. In some animak, the 
growing nodule never progressed beyond the size of a pea and was morphologically 
distinguished by an intense connective tissue proliferation and an acinar arrange- 
ment of epithelial cclk (Fig. 5). On the other hand, the majority of animak 
developed multiple nodules which grew rapidly and completely replaced the 
testicle by the 40lh day after inoculation. Histologically, such tumors resembled 
the rapidly growing transplants in the anterior chamber and were characterized 
by large confluent cellular masses with centrally placed areas of necrosis (Fig. 6). 
Growth was both expansive and extensive in character, destroying testicular 
parenchyma both by pressure and by active infiltration. 

Infiltrative growth was limited to the testicular parenchyma for a long period 
of time and extension to the tunica vaginalis or to the spermatic cord was not 
obscta'cd before the 100th day. Expansive growth continued and eventually with 
encroachment on the blood supply, fluctuating necrotic areas appeared. Occa- 
sionally the entire testicle was converted into a sac distended with black fluid 
necrotic material, but even in such instances active nodules of growth were found 
on histological examination. In the majority of cases, however, such degenera- 
tive changes were limited to small areas and connective tissue replacement rather 
than necrosis characterized the older growths, 'Flic connective tissue was in 
turn, in\-aded by tumor cells growing in strands and in isolated acinar groups. 
Growths of this type reached a large size and after the 100th day the testicle 
frequently measured T X 5 cm. and was characterized clinically by a firm nodu- 
l.arity. The eventual outcome of such cases is not known. One animal killed 
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on the 216th day showed fibrosis of the testicle with a complete destruction of all 
tumor cells, while the growth in another animal held for 240 days is still increasing 
in size. 

Metastases have been found in three instances. The lymph nodes 
of the mesentery of the large intestine were involved in one animal 
killed on the 90th day and in a second animal killed on the 113 th day 
which, in addition, showed a large metastatic nodule in the substance 
of the diaphragm. The third animal was killed on the 233rd day and 
secondary growths were found in nearly all organs of the body (Fig. 7). 
Microscopically the structure of the secondarj'^ growths was similar to 
that of metastases arising from transplants in the anterior chamber. 

Simulianeous Transfers to Different Sites 

Bilateral growths have been obtained from the simultaneous inocu- 
lation of both testicles in the same frequency witli whicli inoculations 
into a single testicle have proved successful. Simultaneous transfers 
to the testicle and to the eye have resulted in growth in the eye alone 
in three instances and in growth in both locations in two instances. 
It is of interest that in one of the latter cases a metastatic growth was 
found at autopsy in a lymph node of the anterior triangle of the neck, 
while metastases were not found in the drainage area of the testicle. 

Rcinocnlation of Refractory Animals 

Transplantation of the tumor into the testicles following a primary 
unsuccessful inoculation has been attempted in 13 animals. The same 
testicle was used in the second attempt throughout the c.xperiments. 
Control inoculations were made and gave a high percentage of takes. 

Reinoculation of 12 of the animals was performed 35 days after the 
primary failure and was unsuccessful in all instances. On the other 
hand, reinoculation was delayed for 69 days in one animal and re- 
sulted in a take. 

Transplantation into the Anterior Chamber of Animals ivith 
Spontaneous Uterine Tumors 

The transfer of tumor fragments into the anterior chambers of 8 
animals bearing spontaneous tumors of the same nature resulted in 
5 takes, an incidence of about 60 per cent in contrast to an incidence of 
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approximately 80 per cent in normal animals. The transfers "were 
made coincidently with the 1st, 2nd, 4th, 5th and 9th serial transplan- 
tations previously described and tumor material of the same deriva- 
tion was transferred to both types of animals, but the incidence of 
takes in tumor bearing animals was always less than in normal animals 
of the same generation and did not increase wnth the incidence of takes 
in normal animals. 

The latent period was of similar duration in both types of animals and the 
subsequent progress of growth in three of the tumor bearing animals was com- 
parable with that observed in normal members of the same generation. One 
animal was kiUed on the 60th day and the tumor which occupied appro.rimately 
2/3 of the chamber showed the usual histological characteristics noted at that 
period. In another instance, the growth had replaced the anterior chamber on 
the 83rd day and had in\'aded the posterior chamber when the animal was killed 
on the 141st day. The anterior chamber of the third animal was completely 
filled on the 52nd day but at autopsy on the 105th day the tumor had almost 
entirely disappeared and the remaining portion was largely necrotic. 

The progress of growth in the remaining two animals differed radically from 
that noted in normal animab. The growth rate was e.ttremely slow in both 
instances and the transplants had no more than doubled in siae after 130 days. 
At this time the animals were killed. Microscopic examination showed that the 
growth in one animal was almost entirely necrotic while the tumor in the other 
animal was characterized by an abundant myxoid stroma with epithelial ceUs 
arranged in well defined acinar formations (Fig. 8), despite the fact that the tumor 
in normal animals of the same generation showed an almost solid cellular struc- 
ture with a minimum of supporting elements. 

The success of transplantation in these instances appeared to be 
directly proportional to the size and age of the spontaneous tumors as 
judged by morphological examination and by a study of the breeding 
histories of the affected animals. The transfer of fragments to ani- 
mals with small, early tumors resulted in three failures and two small 
slow growing nodules, while the inoculation of animals with large, 
older tumors was followed by takes and rapid growth in all cases. 

Other Rcinoculation Experiments 

A series of c.xperimcnts was designed with the view of obtaining 
more information regarding the effect of a growing tumor on the trans- 
plantation of other tumors of the same and of diverse nature. The 
performance of the experiments has been delayed because of the low 
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incidence of takes in the testicle during the summer months, which 
forced a temporary discontinuance of the series. While relatively few 
of the experiments have been completed and the available data do not 
justify conclusions, the results so far obtained seem to be of sufficient 
interest to warrant recording. 

The inoculation of the left testicle with tumor material obtained 
from the right testicle after its removal from the body has been at- 
tempted in two instances. In one, the right testicle was removed 35 
days after a successful transfer and the immediate inoculation of the 
left testicle resulted in a take. The subsequent growth of the nodule 
in the left testicle was similar in all respects to that previousl}^ ob- 
served in the right. In the second instance, on the other hand, the 
affected testicle was not removed until the 135th day and inoculation 
of the remaining testicle was not followed by growth. Control inocu- 
lations resulted in 57.1 per cent of takes in the first instance and in 
100 per cent of takes in the second instance. 

An attempt to inoculate the testicle with material obtained from 
biopsy of the eye 66 days after transplantation into that organ was 
likewise unsuccessful although the inoculated tissue grew in the tes- 
ticles of all of the control animals. 

In another experiment, the tumor was successfully transplanted to 
the anterior chamber of the right eyes of 13 young animals. The 
chambers were eventually filled- by the growth which subsequently 
underwent complete regression and left extensive corneal scars. 16/ 
days after the first transplantation, fragments of an actively growing 
tumor derived from the eye of a member of the 11th serial generation 
were transferred to the anterior chamber of the left eyes of the re- 
covered animals and 8 controls were inoculated at the same time. 
Growth resulted in all of the controls but in no instance did a take 
occur in the reinoculated animals. 

PosUnorlcm Examination 

A detailed postmortem examination was made of all animals in- 
cluded in these experiments, and in view of the changes found in 
animals bearing spontaneous uterine tumors, particular attention was 
directed toward the endocrine system. In the majority of cases, the 
organs were not pathologically altered and lesions that were found 
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yere traceable to disorders common in the general animal population. 
!n no instance were changes comparable to those observed m animals 
)earing spontaneous uterine tumors found in animals bearing trans- 
planted uterine tumors. 

Inoculalion with Dried Frozen Tumor Material 

A watery emulsion of dried frozen tumor material was inoculated, 
at laparotomy, into the uterine mucosa of 3 virgin females and 3 multi- 
parae. The animals were killed 42 days after inoculation and the 
uterine mucosa was serially sectioned. "Microscopic examination of 
these sections and of sections from other organs showed no alteration 
from normal. Controls inoculated with the living tumor, on the other 
hand, gave 100 per cent of takes. 

DISCUSSION 

In the report dealing with spontaneous tumors of the uterus, especial 
emphasis was placed upon the constant occurrence of certain endo- 
crine changes most evident in the pituitary, suprarenals and thjToid. 
In brief, the alterations in the pituitary were productive in nature 
while those in the thyroid and suprarenals were retrogressive. These 
alterations were present from the earliest stages of tumor development 
and were also found, before histological evidence of neoplasia, in older 
animals of the tumor line. This, in itself, suggests the possibility of an 
antecedent change in the endocrine mechanism which had some 
bearing on tlic eventual development of the neoplastic process. This 
suggested relation is supported by the fact that the conditions observ^ed 
in animals with spontaneous tumors bear a striking resemblance to 
those in animals subjected to long continued treatment with estrone, 
and from this it was inferred that spontaneous tumor development 
might represent a natural analogue to the experimental production of 
neoplasia with sucli substances. 

The point to be emphasized in the present discussion is that, 
despite the fact that the uterine tumor under consideration has been 
succc.ssfully transplanted into more than 150 rabbits and has grown 
progre.ssively for periods up to 11 months, none of these animals has 
shown diangcs at autopsy which bore the slightest resemblance 
to those constantly present in animals with spontaneous tumors. It is 
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apparent, therefore, that the endocrinological changes are not pro- 
duced by the continued growth of neoplastic cells. It is also clear 
that the constitutional status associated with the endocrine changes 
is not an essential factor in the continued growth of neoplastic cells. 
In fact, the failure of transplanted tumors to grow actively or to grow 
at all in animals with early spontaneous tumors suggests that initially 
there is a contrary or inhibitory influence associated with such changes. 
It would appear then that the endocrinological conditions referred to 
were concerned with the initiation of neoplasia and that in the study 
of this tumor there are, as usual, two distinct problems to be consid- 
ered, namely: the initiation of neoplasia and the continued multiplica- 
tion and growth of neoplastic cells. 

Investigation of the first problem is being carried out from tlie 
point of view of an exogenous as well as of an endogenous origin. 
Experiments based on the suggestion that the endocrine changes were 
associated with the initiation of neoplasia have been most encouraging 
and will be reported at a later date. On the other hand, attempts to 
demonstrate a causative agent of the nature of a filterable virus have 
so far been unsuccessful. Neoplasia was not initiated by the intro- 
duction of dried frozen material into the uterine mucosa. It is obvi- 
ous, however, that numerous experiments of this cliaracter arc neces- 
sary before a conclusion is warranted and such experiments are being 
continued. 

The growth characteristics of the tumor have been studied in tlic 
eye and in the testicle. Both of these sites have been used by otiicr 
workers in the investigation of other tumors. The testicle came into 
prominence following the work of Brown and Pearce with tlic trans- 
plantable epithelioma. They also used the anterior chamber in early 
experiments and reported a uniform series of takes with rapid growth 
to large tumors which, however, did not metastasize during the period 
of observation. A single case of spontaneous regression was noted 
(4). A sarcoma of the low'er jaw had previously been successfully 
transferred to the anterior chamber by Schultzc (5) and Happe (6). 
Their general results were in agreement -with those of the present study 
but a further investigation of the characteristics and potentialities of 
the chamber as an inoculation site does not appear to have been carried 
out. The anterior chamber has also been successfully used in hornol- 
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ogous transplantation experiments with tumors of other species (7) 
and was employed in many early heterologous transplantation at- 
tempts without apparent success. 

Wiile the susceptibility of the anterior chamber to tumor trans- 
plantation appears to be well recognized, it has not been widely used 
as an inoculation site. Certain features associated with its suscep- 
tibility and the characteristics of the resulting growth suggest, how- 
ever, that a more general use might be of advantage. A comparison 
of the frequency of takes of the uterine tumor in the testicle and in the 
eye, as in Table III, brings out a munber of points of interest. The 
relatively unimportant reduction in the number of takes in the an- 
terior chamber during the summer months as compared with the 
complete failure of testicular inoculation suggests that this method of 


TABLE m 

A Cotiiparison of the Percentage of Takes Resulting from Transfer to the Anterior 
Chamber and to the Testicle throughout the Year 
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transfer might prove of great value in the maintenance of other tumors 
which arc so frequently lost in testicular and subcutaneous series 
(luring this season. 

In the scries as a whole, the number of takes resulting from transfer 
to the anterior chamber was twice as great as followed inoculation 
into the te.stidc. This finding is in line with the fact that in no in- 
stance were fir.st generation transfers from a spontaneous tumor to the 
testicle successful and that takes in the testicle were not obtained 
until the tumor had been passed through three generations of animals 
by serial eye transfer. WTiilc the cellular damage incident to the 
preparation of an emulsion may have been of influence in the lower 
frequency of t.ake.^ in the testicle, the fact that 100 per cent of takes 
ocemred at some transfers without modification of the technique 
indicates that this was not an important factor. It seems more prob- 
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able that the greater success in the anterior cliamber is related to the 
slower reaction of the tissues of the eye to the presence of the trans- 
planted fragment. The fragment grows for a longer period of time 
in the manner of a tissue culture and a degree of adaptation results 
before the occurrence of a foreign body reaction with the intimate 
contact between the cells of the host and the graft that determines 
its immediate fate. 

Transplantation into the anterior chamber offers the further ad- 
vantage of continuous visual examination of the graft. The effects 
of various procedures can be watched and the rate of growth can be 
measured easily with a pair of calipers. Metastasis may occur earlier 
and with greater frequency from testicular growths but tlie continued 
life of the animal is an asset in certain types of experiment. On the 
other hand, there are distinct disadvantages associated with ocular 
transfers. The anterior chamber is a small confined space surrounded 
by relatively inelastic tissues and the increased pressure which follows 
rapid growth may lead to necrosis and regression of the tumor. If 
the cornea is invaded or ruptured, the external extension of the tumor 
produces an unsightly fungating mass and trauma may lead to severe 
hemorrhage or infection. The great advantage of this method of 
transplantation lies in the relative ease with which first generation 
transfers from a spontaneous tumor can be effected. During the past 
four years more than 140 spontaneous rabbit tumors representative of 
16 different types of growth have been observed in this laborator)\ 
Attempts were made to transplant the different types of growth and 
until recently the testicular and subcutaneous routes were almost 
exclusively employed. It is significant that while these methods of 
inoculation failed in ever}’’ instance, four out of five attempts to trans- 
fer by means of the anterior chamber proved successful. 

It is not knowm whether the lowered incidence of takes during the 
summer months, particularly in the testicle, is related to an increased 
resistance of the animals or a decreased activity of the tumor cells. 
There is evidence, however, that even in winter months, periods occur 
during which an animal may be refractory to inoculation and it is 
conceivable that meteorological conditions more prevalent during the 
summer may bring about a refractory phase of widespread occurrence. 
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The spontaneous and.the transplanted tumors show many compa- 
rable characteristics. In both abnormal and normal hosts, the tumors 
progress slowly, growth is at first expansive and later infiltrative, and 
metastasis is a late occurrence. One characteristic of especial interest 
is shared by the transplanted tumor and by metastases of the sponta- 
neous tumor. In both, there is evidence of an ability of the neoplastic 
cells to respond to different environmental conditions with an altera- 
tion in the degree of differentiation. Thus, in certain situations, 
metastatic cells grow in a well formed acinar arrangement and appear 
to be further differentiated than the cells of the primary growth. In 
like manner, the transplantation of a ceUular, poorly differentiated 
tumor into animals of a special genetic constitution is followed by more 
highly differentiated growth with the formation of more or less typical 
structures. 

In other respects the transplanted tumor behaves in a different 
manner and it should be emphasized that the behavior of neoplastic 
cells in normal animals is not a reflection of their behavior in the 
primarj' host where their activity may be influenced by an altered 
endocrinological status as well as by the presence of other growing 
neoplastic cells. 

The observation has been made repeatedly by workers with some 
other tumors that, following successful transplantation, a phase 
occurs during which the animals are refractorj' to further inoculation 
of the same growth (8). In the present instance, it was also found 
that rcinoculation gave negative results after continued growth of the 
transplanted tumor. Further conclusions cannot be drawn from the 
results obtained to date, but certain findings in regard to the refrac- 
loiy phase are of interest from the point of \new of discussion. 

Despite opinions to the contrarj-, it appears to be fairly clear that 
the rcfraclorj- phase is brought about by the continued presence and 
growth of neoplastic cells, rather than by the absorption of products 
resulting from regressive changes in the tumor. The duration of the 
rcfractoiy phase in e.vpcrimental animals in which the tumor under 
discussion liad completely regressed was demonstrated to c.xceed 5 
months. On the other hand, metastasis has occurred in other ani- 
mals .t months after transplantation. There is some evidence, there- 
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fore, that while growing neoplastic cells may bring about a refractory 
period, their continued presence and growth in the body may shorten 
the duration of this period. 

The presence of a similar refractory phase in animals with sponta- 
neous growths has not been satisfactorily demonstrated. It is gen- 
erally believed that grafts of a spontaneous tumor are more apt to be 
successful if placed in another region of the same animal than if 
transferred to a normal animal and, in early experiments witli the 
present tumor, it was found that subcutaneous autografts almost 
invariably grew while subcutaneous transfers to normal animals were 
uniformly unsuccessful. In these experiments, the growth had been 
present in the spontaneous host for more than a year before auto- 
inoculation was attempted and it is apparent that at this period of 
tumor development the animals were not refractory. 

A determination of the susceptibility of animals in earlier stages of 
tumor growth to the transplantation of a malignant tumor of the same 
nature is a more difficult problem owing to the necessity of assembling 
a sufficient number of suitable animals as well as of determining the 
age of the spontaneous tumors. It should also be emphasized that in 
this type of experiment, in contrast to the experiments cited above, 
autogenous tumor material cannot be used inasmucli as in the early 
stages it represents benign rather than malignant neoplasia. 

The occurrence of a considerable number of spontaneous uterine 
growths, the age of which could be determined with fair accuracy, 
offered a unique opportunity for study of this problem, and tumor 
material derived from various eye generations was transferred to the 
eyes of animals bearing spontaneous growths in different stages of 
development. A series large enough to provide significant results 
has not been tested and the experiment is being continued as more 
tumor bearing animals become available. The results arc not con- 
clusive for this reason but, while it must be borne in mind that further 
tests may give rise to contradictor}' findings, the present trend is of 
sufficient interest to warrant some consideration. 

The uniformity of takes in animals with old tumors is in agreement 
with expectations based on experiments with autografts. On the 
other hand, the complete failures and the small slow growing nodules 
arising from transfers to animals with early spontaneous tumors arc 
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more in line \vith the results obtained from the reinoculation of animals 
bearing transplanted tumors and may indicate the existence of a 
similar refractor}^ phase. Additional evidence suggesting the presence 
of a growth inhibiting influence at this period is given by the fact that 
while neoplastic cells are present in the blood stream at early stages 
of tumor development, they fail to gain a foothold and grow until late 
in its course. 


SUMMARY 

The behavior of a transplanted adenocarcinoma of the uterus of a 
rabbit has been studied through 12 serial generations in the anterior 
chamber of the eye and 6 serial generations in the testicle. The 
transplanted tumor is characterized by slow growth which is at first 
expansive and later invasive, by an ability to form more or less differ- 
entiated structures in respohse to different environmental conditions 
and by late metastasis. The endocrinological changes that distinguish 
animals bearing the spontaneous tumor do not occur in animals 
bearing the transplanted tumor. 

Various e.xpcrimcnts were undertaken in an attempt to discover the 
nature of the factors determining the characteristics of the sponta- 
neous and of the transplanted tumor. It was found that successful 
transplantation was followed by a phase during which animals were 
refractory to rcinoculation. The results of transplantation into the 
eyes of animals with spontaneous tumors suggested the e.xistcnce of a 
similar phase during the early development of the tumor but the 
number of observ-ations was not sufficiently numerous to warrant 
definite conclusions. 
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EXPLANATION OF PLATES 

Hematoxylin and eosin was the stain employed throughout. 

Plate 28 

Fig. 1. Section of a transplant in the anterior chamber of tlie eye resulting 
from the 2nd serial transfer. Stroma is abundant and epithelial elements tend 
to grow in abortive acinar formations. X 67, 

Fig. 2. Section of a transplant in the anterior chamber resulting from the 6th 
serial eye transfer. In contrast to the previous figure, stroma is sparse and epi- 
thelial cells are arranged in large rounded masses which frequently show necrotic 
centers. X 67. 

Fig. 3. Section of a metastatic growth in the ovary derived from a transplant 
in the anterior chamber. X 67. 

Fig. 4. Section of a metastatic growth in the pancreas derived from a transplant 
in the anterior chamber. X 40.5. 










Plate 29 

Fig. 5. Section of a transplanted tumor in the testicle of a Himalayan rabbit. 
Stroma is abundant and epithelial cells grow in acinar-like groups. X 67. 

Fig. 6. Section of a transplant in the testicle of a hybrid rabbit showing tlic 
characteristic histological features found in the majority of testicular grafts. In 
contrast to the appearance of the tumor in Himalayan animals, stroma is scanty 
and the arrangement of epithelial cells is similar to that found in rapidly growing 
eye transplants. X 67. 

Fig. 7. Section of a metastatic grow'th in the lung derived from a testicular 
transplant. X 67. 

Fig. 8. Section of a transplant in the eye of a rabbit bearing an early spon- 
taneous uterine tumor of the same nature. Stroma is abundant and cpitliclial 
cells are arranged in well defined acinar formations. The appearance of control 
transplants in normal animals is shown in Fig. 2. X 375. 
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In 1924 Huxley (1) noted that there was frequently a constant rela- 
tion between the relative rates of growth of the body and its parts, 
and in 1932 he assembled many examples of this constancy through- 
out the whole biological field (2). We have made use of this ob- 
servation in examining data on the organ weights and body weights 
of a considerable number of albino rats that we had used as controls 
for ex-pcrimental work. 

EXPERIMENTAL 

As will appear from the experimental data to be given, organ 
weight may fluctuate between wide limits when certain conditions 
arc not kept constant, so it is important to specify the particular 
conditions under which these control animals were kept. 

The food was given ad libitum and contained 18 per cent of protein. It was 
an air-do’ mixture containing 10 per cent unpurified casein, 73 per cent com meal, 
10 per cent linseed meal, 2 per cent alfalfa, 3 per cent sardine oil, 1.5 per cent 
bone ash, and 0.5 per cent sodium chloride. The temperature of the room in 
which the rats were kept averaged 20’C. and was regulated to prevent any marked 
(all so that it was rarely less than IS^C., though on warm days it occasionally rose 
for a few hours appreciably above 20'’C. in spite of a fan that kept a current of 
air constantly moving through the room. The rats were housed in groups of six 
in cages 17 X 12 X 12 inclrcs. The colony came from the Slonaker strain from 
which the Wistar Institute colony was derived and for 12 years their ancestors 
h.i(l lived under conditions closely similar to those we have defined. They were 
all controls for experiments on the compensatorj’ hypertrophy of the testicle, 
fupr.-ircnal, ovaiy, and kidney and had all undergone a sham operation in which 
thwe organs were exposeil but not removed. The operations were performed on 
rats of exactly ,'0, 70, 110, and 220 days of age, and in each age dKnsion groups 

• This work was aided by a grant from The Rockefeller Foundation. 
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were killed for measurement of organ weight 2, 5, 10, 20, and 40 days after opera- 
tion. When the organ weight measurements were arranged in accordance with 
age instead of body weight it was possible to measure the effect of operation by 
finding the deviation from the predicted organ weights or from smoothed curves 
of the testes, female suprarenal, and ovary. But with the exception of the supra- 
renal gland no significant deviations were found. It should be noted, however, 
that the duration of ether anesthesia was very short and that the operation itself 
was over within about 2 minutes. The experiments that will be given were car- 
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* The liver weight measurements were made on another series of 229 rats kept 
under identical conditions except that there was no operation. More extensive 
data than w’e possess might reveal a sex difference in liver weight analogous to 
the sex difference in kidney weight but our present observations on female rat 
livers indicate that, if present, any such difference must be small. 


ried out during the period over which these control observations were being made 
so that the possibility of change in the colony itself was e.xcluded. Some of the 
measurements of the protein content of the liver have been already published in 
papers concerned with protein metabolism that arc referred to in this paper, and 
the metliod used and the conditions observed are there described in detail. 

The average organ w'eights arranged in accordance w’ith body 
weight are given in Table I. 
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If the ratio between, the rate of growth of the body and the rate of 
growth of any organ is constant, a plot of the logarithm of organ 
weight against the logarithm of body weight forms a straight line, 
men this is done for the data in Table I it is found that the organs 
fall into two classes, those whose logs fall along straight lines and 
those whose logs form sigmoid curves. In the latter class fall the 
testicle, ovary, and 9 suprarenal, organs that for a short time during 
puberty undergo a marked growth acceleration. In the other organs, 
including those in which we are at present interested, there is an 
approximate constancy in the relative rates of growth of organ and 
body since the lines are straight. (See Figs. 1 and 2.) 

The practical advantage of this straight line relationship is that it 
makes it easy to derive formulas with which organ weight may be 
predicted from body weight with considerably greater precision than 
is given by any of the other methods we have tried. Those made 
use of in this paper are given in Table n. 

The slopes of the lines in Fig. 1 arc determined by the method of least squares 
from the logarithms of the measurements given in Table I. These slopes give 
the ratios between the relative rates of increase of organ and body weight and are 
the powers of the body weight appropriate for each organ. Thus the heart 
weight varies as the (body weight) indicating that the heart increases at 
0.75 limes the rate at which the body weight increases. The powers of the body 
weights were then calculated in numbers and the slopes of the lines obtained when 
the actual organ weight measurements were plotted against these numbers were 
determined by the method of least squares. The formula b now in the form 
organ weight =< o X body weight" ± b. The constant a is the slope. The con- 
stant b, as Hall (3) has pointed out, is required because an e.ttrapolation of the 
line docs not cross the ordinate at zero. Actual obsercations from the body weight 
at birth show that the relationships given by the formulas do not hold below a 
body weight of 40 gm. and in the control observations given here the smallest 
anim.al5 had been weaned and had subsisted wholly on the control diet for at least 
a weel:. This b constant = average organ weight — (o X average body weight). 
To save the lime required for calculation tables giving predicted organ weights 
for cvciy gram change in body weight were constructed from large graphs. 

The prediction errors given in Table II arc the averages of the 
percentage deviations, summed without respect to sign, of the weights 
predicted hy the formulas from the means of the organ weights 
given in Table I. In considering the significance of the c.xperimcntal 
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results we are to present we shall be concerned with gross devaa- 
tions from the predicted values, and will discuss only those that lie 
beyond the range of the greatest + to the greatest — deviation of 



Fig. 1 


any of the groups in Table I. These ranges of error arc given for 
each formula in Table II. 

The experimental results in Table III arc derived from observations 
on groups of rats comparable ^vith those whose organ weights arc 



logarithm of organ weight. 
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riven in Table I. They were subjected to essentiaUy the same condi 
tions‘ vdth the exception of one experimental vanable. These van 


LOGARITHM OF BODY WEIGHT. 


’ The hoxi'irsR and tcmpcralurc conditions v.erc identical and the diet v,-as the 
wine, r.xccpt in the thyroidectomy group there was no operation. In the preg- 
n.ar.cy cxi'eriment a diet th.il containcfl 16 per cent of casein with com starch, 
l.-.rd, vitamin, and mineral supplements v.-as used. In other experiments this 
dietetic rh-ance h.ad !c-d to no appreciable dcvir.tion from the organ weights found 
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ables are classified as dietetic (change in protein consumption), ana- 
bolic increase (pregnancy), metabolic decrease (thyroidectomy), and 
metabolic increase (thyroxin administration). Those instances in 
which the organ weights deviated from the predicted values beyond 
the ranges of error given in Table II are printed in bold-faced type. 

Although we are well aware that the simplicity of these experiments 
is only apparent and that a great multiplicity of factors, many of 
them unknown,- are in reality involved, and although we have had 
experience with the possibilities of error in dealing with weight 
measurements of such a changing mixture of materials as are com- 
bined in the body and its organs, nevertheless we advance the opinion 
that the all important factor that determined the organ weight 


TABLE II 


Formula 

Average prediction 
error 

Range of error 

cT H.W. = 12.6 (B.W.)”-’®'’ -1- 8.0 


per cent 

-l-3.0to-2.6 

9 H.W. = 12.6 -t- l.S 


-t-l.Sto -1.0 

cf K.W. = 30.0 (B.W.)'''Ur + 20.6 

1.7 

4-4.6 to —3.2 

9 K.W. = 40.4 (B.W.) ..j. 12.2 

1.7 

-)-5.1to-1.6 

cT L.W. = 92.0 (B.W.) -96.0 

3.7 

-i-7.0to-7.0 



H.W., K.W., and L.W. are respectively the weights of the heart, both kidneys, 
and liver in milligrams, while B.W. is the body weight in grams. 


changes given in Table III was the amount of work imposed on these 
three organs. In support of this hypothesis the following considera- 
tions are advanced. 

The work of the heart has been calculated from the rate of volume 
flow of blood and the mean arterial pressure in heart-lung prepara- 
tions. Although we have no such measurements in our e.xperiments 
we know in general that any factor that changes the rate of volume 
flow of blood will change the amount of work done by the heart so 
that in deciding whether any of our experimental variables increase 
or decrease heart work we may use what is generally accepted with 
respect to the effect of these variables on the rate of blood flow. 
Now it is shown in Table III, that, in contradistinction to the pro- 
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nounccd effects on the kidneys and liver, changes in protein consump- 
tion leave the heart weight unchanged, although the decreased metab- 
olism of protein star\'ation and the increased metabolism due to the 
specific dynamic effect of protein should have been accompanied by 
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corresponding changes in the volume flow of blood from tlie heart 
which, under the terms of our hj-pothcsis, should have altered its 
weight. Rut it must be lemcmbcrcd that the metabolic effects of 
protein have been determined under basal conditions that did not 
exist in our experiments. Dock and Lewis (4) have shown that in 
rats heat production is determined mainly by heat loss and that 
(actors which at an environmental temperature of 2S°C. and under 
basal conditions have pronounced metabolic effects, at a temperature 
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of 20°C. and under ordinary conditions have their effects largely 
nullified by compensating changes in the heat production of the volun- 
tar}'' muscles. This damping of the degree of metabolic effect under 
our special conditions must also be taken into account in interpreting 
the effect of thyroidectomy and thyTOxin administration. Thus it is 
known that thyroidectomy induces a decrease of about 40 per cent in 
basal metabolism and so presumably in rate of blood flow, and yet in 
our experiment there is a decrease of only 16 per cent in heart weight. 
The conditions in our experiments are so complex that we cannot 
expect any quantitative parallelism between our heart weights and 
metabolic measurements made under other and simpler conditions, 
and we must be content with observing the direction rather than the 
degree of change. Certainly in the dietetic experiments there was 
an obvious difference in the activity of the groups deprived of protein 
and of those given a large surplus of protein, for the former were con- 
stantly searching for the food they needed while the latter were quiet 
and replete, and this difference is one that would diminish the meta- 
bolic effects of the variation in protein consumption. But, in addi- 
tion to this factor, there is another and more general consideration 
to be taken into account. In the experiments in which no protein 
was given, the animals, at the time they were killed, had less fat 
than the controls. Since the heart of the rat has little fat and the 
body contains a good deal, there was a proportionally greater loss of 
weight of fat from the body than the heart, so that H.W./B.W.°'''‘’ 
which in essence is our predicted heart weight, would under these con- 
ditions be increased. It is this circumstance, more than any other, 
that may lead to error when we try to compare experimental and 
control observations on rats of different body weights and different 
degrees of fatness by the device of expressing the tw'o sets of organ 
weights in terms of weight per unit of body weight, body surface, or, 
as here, in terms of some empirically determined power of the body 
weight. Such quantitative comparisons are valid only if the propor- 
tion of fat and water in the bodies of the two groups are alike. Yet 
for such qualitative purposes as concern us here, where we arc con- 
sidering the significance of gross increases or decreases of organ 
weight, this quantitative uncertainty need not debar us from drawing 
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sfinite conclusions. Thus, for instance, the 10 per cent decrease in 
idney weight in fasted rats is not to be put aside as meaningless, for 
X know that the loss of body fat is a factor that, in itself, will induce 
n increase and not a decrease in the relation between the actual and 
rcdicted weights. 

The remaining heart weight change shown in Table III, the 17 
ler cent decrease of heart weight in pregnancy, is a particular example 
•f the general fallacy involved when formulas from animals under 
)ne set of conditions are used to compare organ weights from ani- 
nals in which other conditions have induced a change in the propor- 
:ions of the components which make up the body weight. The aver- 
age body weight of these pregnant rats was 232 gm. and under our 
standard conditions the heart predicted by the formula is 749 mg. or 
17 per cent more than the 623 mg. of heart actually found. But 
27 gm. of this 232 gm. of total body weight consisted of embryos 
which had hearts doing the physical work of circulating blood 
throughout their bodies. If on this account, neglecting the work 
of supplying oxygen to the embiy'os, we subtract their body weight, 
we leave a net maternal body weight of 205 gm. This gives a pre- 
dicted heart weight of 682 mg. which is still 8 per cent more than 
the actual. But it happens that in this case we have protein deter- 
minations on the heart and bodies of the pregnant and of a special 
control group of non-pregnant rats, and though there is not much 
diiTcrcnce in the concentration of protein in the hearts, we find that 
the 205 gm. of maternal body has only 14.26 per cent of protein 
while the controls had 15.86 per cent. The protein in the bodies of 
the pregnant rats was thus diluted with over 9 per cent of some ma- 
terial not present in the controls. There was no ob\ious difference 
in fat content and in this case the added material was water, a sub- 
stance that takes no o.xygen from the blood and that, apart from the 
additional cnerg>- required to move a hca\'ier body weight, leads to 
no increase in cardiac output, men this weight of water is sub- 
tracted from the body weight or when the comparison is made on 
the basis of the protein content of the heart and body there is no 
longer any difference between the control and pregnant rats. 

] he work of the kidney is osmotic work and is the cnerg\- used in 
concentrating the glomerular filtrate. It varies directly as the sum of 
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the rates of excretion of each urinary constituent multiplied by the 
logn of the ratio between the concentration of each urinary constituent 
in the urine and plasma (5). In measurements of work done we have 
found that under conditions similar to those we employed the work 
of the kidney rises in fairly close correspondence with increase in total 
nitrogen excretion so that in considering which experiments involve 
change of work for the kidney we may in general be guided by what is 
known with respect to their effect on the rate of nitrogen excretion. 
The decrease in kidney weight when no protein is eaten and the 
increase when more than the usual amount is consumed follow the 
known changes in nitrogen excretion. Similarly the decrease in 
kidney weight after removal of the thyroid gland and the increase 
when thyroxin is given are in the direction of tlie changes in nitro- 
gen excretion that occur as a result of changes in protein catabolism 
and in protein consumption. The 20 per cent decrease in kidne}'’ 
weight in pregnancy is, of course, in part determined by the in- 
creased water content of the body. In this case the weight of the 
embryos must be included since their kidneys were not working and 
the products of embryonic catabolism were excreted by the maternal 
kidneys. The protein concentration in the whole 232 gm. of body 
weight in the pregnant rats was 13.5 per cent as compared with 15.9 
per cent in the whole body of the controls. If we assume that all 
of this dilution was due to water and subtract its weight we have a 
corrected body weight of 197 gm. and from this a predicted kidney 
weight of 1250 mg. The actual kidney weight is 1114 mg. and there 
is still an 11 per cent decrease. This, we believe, is due to a diminu- 
tion in work on account of the greater utilization of the relatively 
small amount of protein in the food for the rapid synthesis of protein 
in the uterus and its contents. This view is supported by the fact 
that when pregnant rats are given a diet that contains 43 per cent 
instead of 16 per cent of protein there is an increase instead of a de- 
crease in kidney weight. 

In the end the questions we have raised will be answered when 
experiments can be devised in which the relation between the effec- 
tive mass of the heart and kidney and the work done by these organs 
can be measured. In the meantime the considerations wc have ad- 



rLORENCE WALTER AJND T. ADDIS 


477 


vanced are presented, not for their own sake, but as a basis for a study 
of change in the size of the liver, a field in which there is a need for a 
preliminaiy’^ working hypothesis. For while we have a clear idea as 
to what constitutes the principal work of the heart and kidneys we 
have no analogous conception with respect to the liver. It may be 
that the liver has so many functions that no one experimental vari- 
able changing only one sort of work will appreciably alter liver 
size. But we can at least measure the size of the liver under these 
same conditions and note any agreement or discrepancy between the 
behavior of liver and heart and kidneys. 

There is one difficulty that must be faced before we can approach 
this problem and that is the circumstance that under certain condi- 
tions a not inconsiderable part of the total liver weight consists of 
fat and glycogen, relatively passive stores of food reserves. We need 
the actual working machinerj'^ stripped of all its fuel and accessories. 
We believe that the best approach to this is the determination of the 
total protein content of the liver (6). Part of this liver protein it 
is true may be a storage protein that comes and goes in accordance 
with the supply and demand of protein for metabolism. There is, 
however, accumulating evidence that this labile liver protein is no 
specialized, inert, and localized deposit analogous to glycogen (7) 
but that when it exists it is present as a more or less uniform increase 
in all the principal protein components of the organ (8). 

In Table III we have given both the total liver weight and the 
weight of liver protein, but only the protein changes are considered 
since we believe that they alone have any precise meaning with re- 
spect to the relation between the work and the functioning structure 
of the liver. The protein de-viations represent the changes from the 
protein content of the liver of a group of 90 rats kept under the same 
conditions as those observed in the control animals from which the 
formulas were derived. 

TJie average protein content of the livers of this control group of 90 rats was 
1<I3 mg. The average body weight was 237 gm. It was assumed that if a 
cur\-e of liver protein for the whole range of body weights had been measured 
under the same dietary and other conditions it would have paralleled the line ir 
fig- 1 for total liver weight and would thus have had the same slope, varying a< 
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the 0.838th power of the body weight. On this assumption the liver protein con- 
tent of control groups of rats of the same bod)’^ weight as the experimental groups 

was calculated by multiplying 1713 mg. by (<°q‘°rimental body 'vcight^”-^ 

(control bod}" weight)®'®^® 

Thus in the first experiment in Table III, the control liver protein content at the 

IQCO.SSS 

experimental body weight of 195 gm. is 1713 mg. X = 1456 mg. 


In general it will be noted that in the dietetic experiments the di- 
rection of change in liver protein is in agreement with kidney weight 
changes (though there is one remarkable quantitative peculiarity to 
which we shall return), that in the pregnancy experiment the sign of 
the deviation is the opposite of that for the heart and kidne)", and that 
in the metabolic experiments all three organs alter in agreement with 
one another. It is, however, only in the case of the change in liver 
protein with change in protein consumption that we can go be 5 "ond 
analogy and comparison. The observation made by Dock (9) that 
it is the liver that uses the greater part of the additional oxygen 
consumed as a result of the specific dynamic effect of protein is direct 
evidence in support of the view that work is being done by the liver 
during the period when amino acids are being absorbed from the 
portal blood stream. 

In the metabolic experiments the results are unambiguous only 
for the heart because it is the only organ that is not appreciably 
influenced by changes in food consumption. The removal of the 
th 3 "roid gland is ‘followed by a decline in the amount of food eaten 
and the administration of thyroxin leads to an increase of food intake, 
and so the effect on liver protein might be a secondar}" result of these 
associated food changes. We felt it was necessary to clear up this 
uncertainty with respect to the kidney and liver by repeating these 
experiments on groups that had fasted for 7 days, and in the case of 
the liver these experiments should be the more decisive because after 
a 7 day fast it is to be anticipated tliat all stores of protein in the 
liver will have been utilized. But under these new conditions the 
formulas we have given are no longer applicable. We therefore 
carried tlirough special control obser\"ations, using the same number 
of rats and contriving the selection in such a way as to get at the end 
of the 7 days fasting average body weights identical with those of the 
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experimental groups. However, in the group given thjToxin the 
loss of body weight was so pronounced that it was not possible to get 
a comparable control group of the same body weight and in this case 
it was necessary' to calculate the control values from the data given in 
Table HI for 7 day fasted rats. 

The body weight of the fasted controk was 186, while the body weight of the 
fasted thyroxin group was 158 gm. The assumption was made that if continuous 
curves of organ weight for fasted rats had been obtained against body weight they 

TABLE IV 


The Effect of Variation in Metabolic Rate after a 7 Day Fast 
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On this assumption the control heart for the thjTOxin group is 657 X = 

186'>-'5 

J 55') .TIT 

592, the control kidneys 1163 X “ 1034, the control liver 4900 X*^ 

15S'’‘=:^ 158--^^ 

4280 and the control liver protein 1042 X = 910. 
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The results given in Tabic IV indicate that under these condi- 
tions tliyroidcctomy leads to no significant decrease in liver protein 
relatively to fasted controls. On the other hand, thyro.xin, even in 
fasted rats, leads to a 16 per cent increase in liver protein. The heart 
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changes are almost the same as those in fed rats and in the kidney 
only the thyroidectomy decrease is lessened. 

This demonstration of the pronounced effect in both fed and fasted 
animals on heart, kidneys, and liver protein of an increase in metabolic 
rate induced by thyroxin, raises the question as to whether all of the 
organ weight changes we have found may be due to alterations in the 
rate of metabolism of the organs themselves. Under this view, for 
instance, the alteration of kidney and liver protein with change in 
protein intake would be ascribed not to the need of more oxygen for 
work alone but to the fact that in these organs, the metabolic rate of 
the whole kidney and liver, not only of its directly working parts, 
varied with protein intake. This hypothesis can be tested by observ- 
ing the effect of dinitrophenol which markedly increases organ metab- 
olism without increasing the work of the heart, since the additional 
oxygen required is olbtained not by increased output of blood by the 
heart but by taking more than the usual proportion of oxygen from 
the blood in the capillaries and without increasing the work of the 
kidneys since under its influence there need be no increase in protein 
catabolism. The results as shown in Table IV show no increase in 
heart, kidney, or liver protein after dinitrophenol in spite of the fact 
that in the doses used there was a pronounced increase in organ 
metabolism (10). We conclude therefore that the mechanism re- 
sponsible for change in organ size is not the total metabolic rate 
within the organ, and revert to the hypothesis that it is work that 
determines organ size though it may well be that the special oxygen 
requirements entailed by work are an essential part of the mechanism 
b)’’ which the equilibrium between work and organ size is maintained. 

The general agreement between the direction and extent of the kid- 
ney and liver changes suggest that whatever increases the work of 
the kidney generally increases also the work of the liver. But there 
are two rather marked discrepancies in Table III. 

In the pregnancy experiment the heart and kidneys became much 
smaller relatively to the body weight but this is not true of the 
liver protein. Instead of a decrease a 5 per cent increase was found. 
This is the more remarkable because the two considerations which 
led us to believe that the decrease in heart weight was only apparent 
(the addition of water to the mother’s body and the work of the fetal 
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hearts), both apply in the case of the liver. If similar corrections of 
maternal body weight are applied here we find that the liver is not 
5 per cent but 21 per cent greater than the controls. This result 
suggests that in pregnancy the liver may have some special work 
to do that leads to its enlargement. 

The other disagreement does not involve any change of direction 
and is only quantitative, but the 42 per cent increase in liver protein 
when large amounts of dried liver are taken as food is of a different 
order of magnitude in relation to the other liver changes. A similar 
experiment with dried whole kidney as food gave almost as great an 
increase and so we can conclude that this result is not due to any sub- 
stance peculiar to liver tissue. Since an equally large consumption 
of casein, which contains no nucleic acid, led only to a 16 per cent 
increase in liver protein, the first possibility to explore would be that 
the metabolism of nucleic acid imposes a special load of work on the 
liver. Experiments to decide this point are now under way. 

In conclusion it is weU. to remember that what we have called in 
this paper experimental variables are not changes of only one factor 
at a time within a system in which all the important variables are 
known and measured. Even when the only variation consisted in 
giving more or less protein as food, or in adding or subtracting thy- 
roxin, much more was effected than an alteration of protein supply 
or rate of metabolism. The weights of the heart, kidneys, and liver 
protein were doubtless influenced by a multiplicity of factors other 
than those we have singled out and among them may be many whose 
operation we do not even suspect. So our opinion that the observed 
facts are at present best accounted for by the supposition that the 
main factor that determines the weight of the heart, kidneys, and 
liver protein is the amount of work these organs are required to per- 
form is only a working hypothesis. It is presented because it may 
be useful in planning further experiments with other and more precise 
methods for the analysis of the mechanism of change in the amount 
of functioning liver tissue and in the investigation as to what con- 
stitutes its principal work. 

We are indebted to Mr. W. Lew for most of the work in the care and manage- 
ment of the animals and to Mr. D. Kamofsky for the operations on the thjToidec- 
tomized groups. 
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CONCLUSIONS 

1. The ratios between the rates of growth of the body and of the 
heart, kidneys, and liver are approximately uniform between 40 gm. 
body weight and the body weight at maturity in the albino rat. The 
male and female hearts grow at 0.75 times the rate of growth of the 
body, the male kidneys at 0.717 times, the female kidne3^s at 0.648 
times, and the liver at 0.838 times the rate of growth of the body as a 
whole. 

2. Formulas for the prediction of organ weight from body weight 
were derived from the data on 1591 albino rats kept under constant 
conditions. 

3. A series of experiments in which dietetic and metabolic vari- 
ables were introduced into otherwise constant conditions showed that 
the heart weight was not affected by diet, and that both kidney 
weight and weight of liver protein (used as a measure of effective 
liver size) varied in the direction of change in tlie protein content of 
the diet. Decrease in rate of metabolism induced by thyroidectomy 
and increase in metabolism following the administration of thyroxin 
led to a corresponding fall and rise of heart, kidney, and liver protein 
weight. These results were confirmed in experiments on fasted rats 
with the exception that under these conditions tliyroidectomy did not 
appreciably decrease liver protein weight relatively to fasted controls. 
Increase in organ metabolism due to dinitrophenol had no effect on 
organ weight. 

4. When experimental changes alter the composition of the body 
with respect to fat or water, the comparison of experimental and 
control organ weights in terms of any one function of body weight is 
fallacious. 

5. Conditions that change kidney weight usually change liver 
protein weight in the same direction and roughly to the same degree. 
The possible meaning of two exceptions to this rule is discussed. 

6. The observ^ations made are regarded as supporting the hypoth- 
esis that, after weaning, change in the weight of the heart, kidney, 
and liver protein is determined mainly by change in the amount of 
work done by these organs. 
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NEPHRITIS AND ITS INFLUENCE UPON HEMOGLOBIN 
PRODUCTION IN EXPERIMENTAL ANEMIA 

By G. H. WHIPPLE, M.D., and F. S. ROBSCHEIT-ROBBINS, Ph.D. 

{From the Deparintent of Pathology, The University of RocJtester School of Medicine 
and Dentistry, Rochester, New York) 

(Received for publication, December 13, 1938) 

It is common knowledge that in hmnan cases of glomemlonepliritis 
a persistent anemia is frequently observed. In this connection there 
is legitimate interest in cases of spontaneous progressive glomerulo- 
nephritis in dogs which were included in the anemia colony. These 
dogs were under observation from birth to death and the hemoglobin 
production studied continuously through several years to death in 
uremia. A glance at the summary table below shows that even during 
the last year of life these dogs retain about two-thirds normal hemo- 
globin production. It is very doubtful whether this degree of in- 
capacity would result in sponlaneotts anemia in such dogs. During 
the last month or two when the non-protein nitrogen is high and the 
dog on the verge of uremia, the hemoglobin production may fall 
to zero in some cases (Table 6) but again may be only slightly im- 
paired (Tables 1 and 3). 

In contrast to this picture where the nephritic dog shows but little 
incapacity to produce hemoglobin rmder standard conditions we refer 
to similar experiments (2) to show that infection causes serious or even 
complete incapacity to produce hemoglobin. Experiments are 
reported to give convincing evidence that endometritis or sterile 
abscesses will cause almost complete inhibition of hemoglobin produc- 
tion in the standard anemic dog. One may raise the question there- 
fore whether in man the renal injury rather than some obscure focus 
of inflammation may be largely responsible for the anemia associated 
with chronic nephritis. 

Glomerulonephritis in the anemia colony is not rare and 11 per 
cent of the dogs show it at autopsy. We note frequently endocarditis 
vhich may have been a factor. As one cause of the endocarditis or 
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nephritis or both we suspect distemper. Distemper was common in 
the colony in the early years of this program but has been largely 
eliminated by the use of the Laidlaw-D unkin vaccine. Intestinal 
infections with paratyphoid or dysentery organisms occur rarely in 
these dogs but this may be a factor. 

Glomerulonephritis in dogs as we observe it begins insidiously with 
albumin, casts, and a few red cells in the urine. There may be no 
clinical evidence of nephritis for years but we may observe short 
periods of low food consumption with or without vomiting. Grad- 
ually over one or several years the non-protein nitrogen of the blood 
increases, the casts become more numerous and functional tests show 
decreased renal elimination. Acute nephritis may supervene at the 
end. Food consumption fortunately is usually excellent even up 
to the last week or so preceding uremia. 

Anatomically the kidneys present the general picture observed in 
human glomerulonephritis. The kidne5's show a scarred surface, the 
cortical striations are obscured and the cortex often narrowed. His- 
tologically the glomeruli show adhesions between the capsule and 
glomerular tuft. The glomeruli may be large or small and may show 
hyaline degeneration. Casts are numerous in the tubules which 
show abnormal epithelium. Nests of mononuclears appear frequently 
in the stroma of the cortex and the stroma is increased in amount. 
Acute nephritis is often superposed. 

Methods 

Dogs in the anemia colony are kept under uniform conditions. Tliey arc born 
and raised in the animal house, protected against distemper and other infections, 
yet many of them develop a true nephritis. The routine relating to these dogs 
has been described in detail (3). Although not given in the condensed tables 
(e.xcept Table 3) the dog is bled each week to maintain a constant anemia level or 
stimulus for hemoglobin production. Complete red counts, red cell hematocrit, 
hemoglobin determination, and blood volume measurements are done each week. 
The urine is e.\aramed for casts, albumin, and red cells at intervals depending upon 
the clinical condition. Non-protein nitrogen of the blood and renal function tests 
are done and recorded in the clinical histories of each dog. All dogs listed in these 
e.vperiments died with high non-protein nitrogen figures and the general picture of 
uremia. 

The liver e.xtract with and without iron has been described elsewhere (4). It 
is potent in anemia due to blood loss as indicated in Table 7 and elsewhere. It 
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does not contain the principle potent in pernicious anemia. The pernicious 
anemia extract (343) contains only 10 per cent of the potent factor active in anemia 
due to blood loss. 


EXPEKUIENTAL OBSERVATIONS 

If the information about the progress of the nephritis is meagre 
the reader should remember that the primary objective of our studies 
is the physiology of hemoglobin production and this report is a by- 
product. With a considerable anemia colony to be followed the 


TABLE 1 


Hemoglobin Production Uninfluenced by Nephrosis, Glomeridonephrilis, 

and Uremia 


Dog 24-26. 


Year 

Pig liver 

Pig kidney 

Iron 40 
mg. 

Liver ex- 
tract •“ 
iron 

Liver ex- 
tract + 
iron 

Apricots 

Albumin 
in urine 

Blood 

Net hemoglobia produced due to diet factors — gm. per 2 vis. 









mg. percent 

1925 

55, 39 








1926 

*75 






-1- 


1927 

46, 73 

i 







1928 



55 






1929 



42 

31 

60 




1930 





62 


+ 


1931 



42 

51 

41 

44 



1932 

80 

70 

41 

50 



+ 

57 

1933 


49 



t61 


+ 

244 









277 


* Chicken liver (equivalent to pig liver), 
t Death If -weeks after completion of this experiment. 


amount of work which can be done by the staff is finite and must be 
carefully allocated. The fact remains that all these dogs included 
in this report developed spontaneous nephritis and died as a result 
of the nephritis -without conspicuous and -uniform depression of 
hemoglobin production. 

Clinical Experimental History and Autopsy.— Tah\a 1. Dog 24-26 Adult 
male bull mongrel, weight 10 kilos. Bom 1923, 10 years old at death. Unevent- 
ful anemia historj- 1925-26. 
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Apr., 1926. First urine analysis: Albumin, granular casts, few red cells. 
Other than occasional poor food consumption, no clinical symptoms. Weight 
10.5 kilos. Feh., 1928, Extreme dental caries and pyorrhea. Treated witli 
improvement. Weight 10.3 kilos. Sept., 1929. Teeth again caused trouble. 
Several removed. Uneventful anemia history. Weight 10.0 kilos. July 5, 1930. 
Following blood removal several convulsions, salt intravenously. Recovery. 
Sept., 1930. Urinary findings: Albumin, casts, and few red cells. Weight 10.1 
kilos. Oct., 1930. Pyorrhea as before. Marked salivation. Gradual improve- 
ment on meat diet. Nov., 1930. Left food for several days. Dec., 1930. Urine 
findings unchanged. Several teeth removed. Feb., 1931. Gradual loss of 
weight, stabilized at 9 to 10 kilos. (Weight from beginning uniform 10 to 11 
kilos.) Apr., 1932. Left considerable food. Weight 10.0 kilos. 

May 4, 1932. Non-protein nitrogen 57 mg. per cent. Urea clearance 20 per 
cent normal. 

May, 1933. Urine findings unchanged. Weight 9.2 kilos. History unevent- 
ful to July, 1933. 

July 8, 1933. — Liver feeding experiment not completed. Food consumption 
80 to 36 per cent. July 11. Sick, salivated, left all food. Weight 9.1 kilos. 
Sugar intravenously. Non-protein nitrogen 244 mg. per cent. July 12. No 
improvement. Non-protein nitrogen 277 mg. per cent. 

July 12, 1933, KJlled with ether. Autopsy done at once. Heart is enlarged. 
There are no acute vegetations but the mitral valve shows a little scarring and 
old healed endocarditis. Lungs and other viscera normal. Kidneys are small. 
Surface is scarred and pale. Cortex on section shows scars and obliterated stria- 
tion. Histological sections show arteriosclerosis and nephrosis but much acute 
and chronic nephritis in addition. Many glomeruli show adhesions to the cap- 
sules and others are normal. Scars are numerous and contain nests of mono- 
nuclears. Casts are not numerous but many tubules show an acute exudate of 
polymorphonuclears. Many small cysts are present. 

Table 1 (dog 24-26) shows a continuous historj'’ of this anemic dog 
lasting 8 years. Albumin was first noted in the urine in 1926. The 
dog had dental caries and severe pyorrhea necessitating removal of 
several teeth, 1926-32. It was suspected that the mouth infection 
might be responsible for some of the low values for hemoglobin 
production (pig liver). In 1932 the renal function (urea clearance) 
was about one-fifth normal and the non-protein nitrogen of the blood 
remained elevated. There was rapid progress of the nephritis toward 
uremia in 1933 with very high figures for non-protein nitrogen of blood 
(244 to 277 mg. per cent). 

This dog with a severe progressive nephritis in 1933 was able to 
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produce a low yet normal amount of new hemoglobin on various 
standard diets. 

Clinical Experimental History and Autopsy— Tables 2 and 3. Dog 26-164. 
Adult male coach hull mongrel, weight 12.2 kilos. Bom 1925, 12 years old at 
death. Anemia history 1930-37. Uneventful to Feb., 1934. Routine anemia 
experiments. 

Sept., 1930. Urine: Normal findings. Occasional period of poor food con- 
sumption. Weight 12.5 kilos. 1933. Potato diet for 2 months reduced plasma 
protein to low normal of 5.4 per cent. 


TABLE 2 


Hemoglobin Production Depressed at Times with Glomerulonephritis and Uremia 
Dog 26-164. 


Year 

Pig liver | 

Pig kidney 

Iron 40 
mg. 

Iron 400 
mg. 

Liver ex- I Liver ex- 
tract — iron|uact + won 

Albumin 
in urine 

Blood 

Net hcmoglobm produced due to diet factors—^m. per Z \d\s. 



■■ 






mt. per ant 




35 




0 


1931 

82 




50,60 









49 




1932 





38,68 




1933 



54 






1934 

92, 89 

■9 




68 

++ 

33 

1935 

51 

WM 

49 

79 

0 

59, 69 


170 









63 

1936 


17 

8,39 



44 

+ 

71 

1937 


•IS 





++ 

230 


* Death 5 weeks after completion of this experiment. 


Feb., 1934. First evidence of nephritis. Urine showed considerable albumin, 
granular casts, red cells. Similar findings June and September. Other than 
occasional poor food consumption dog showed no clinical sjTnptoms. Weight 
12.3 kilos. Afar. 1 , 1934. Non-protein nitrogen 33 mg. per cent. Mar. 20, 1935. 
Following ferrous sulfate experiment (Fe 400, Table 3) during 5th and 6th weeks 
“bread after period,” dog left 65 to 75 per cent food. Weight 12.8 kilos. Glu- 
cose 3 doses dailj', 3 days. Mar. 20. Non-protein nitrogen 99 mg. per cent. 
Mar. 21. Non-protein nitrogen 170 mg. per cent. Plasma proteins 6.8 per cent. 
Mar. 22. Non-protein nitrogen 63 mg. per cent. Food consumption 75 per 
cent. Glucose intravenously 2 doses daily. Mar. 24. Non-protein nitrogen 
70 mg. per cent. Mar. 23-27. Sugar intravenously 2 doses daily. Food con- 
sumption averaged 80 per cent. Mar. 29. Non-protein nitrogen 53 mg. per cent. 










490 3SJEPHRITIS AND HEMOGLOBIN PRODUCTION IN ANEMIA 


Sugar intravenously 1 dose, 6 days. Apr. 4. Non-protein nitrogen 47 mg. per 
cent, food consumption 100 per cent. Apr. 11. Non-protein nitrogen 50 mg. 
per cent. 

May 2. Non-protein nitrogen 28 mg. per cent. Urine showed few casts only, 
occasional red cell. Uneventful history to Oct., 1935. Food consumption 90 to 
100 per cent (urine protein excretion 1 gm. 24 hrs.). Weight 13.0 kilos. Slight 
vomiting occasionally. Drinks much water. Leaves food at times. Nov., 
1935, io J on. 29, 1936. Soy bean meal partially replaces bread, consumption 90 
to 100 per cent. Jan. 22, 1936. Urine: Albumin, no casts, occasional red cell. 
Weight 12.8 kilos. Mar., 1936. Soy bean diet: Soy bean mush 500 gm., salmon 
bread 100 gm. daily. May, 1936. Urine findings as before. Anemia history 
uneventful to July. Weight 10.4 kilos. July 27. Left food 2 days. July 31. 
Non-protein nitrogen 71 mg. per cent. Dog quiet but does not act sick. Scpi. 
22. Plasma proteins 6.3 per cent. Jan. 5, 1937. Plasma proteins 6.4 per cent. 
Jan. 6. 24 hour urine protein excretion 0.1 gm. 

Jan. 13. Urine: Albumin trace, no casts, occasional red cell. Weight 10.6 
kilos. Again excessive water drinking. No particular clinical symptoms to Feb. 
8. Food consumption 100 per cent. Jan. 27. Salmon bread basal diet. Feb. S. 
Left all food. Seems sick. Temperature 37.0°, leucocytes 22,800. Weight 
9.9 kilos. Non-protein nitrogen 230 mg. per cent. Sugar intravenously 3 doses. 

Feb. 9, 1937. Found dead in morning, body cold. Autopsy done at once. 
Heart shows hypertrophy of left ventricle and acute mural vegetations in left 
auricle above the mitral valve (cultures of hemolytic Staphylococcus aureus). 
Lungs show some bronchopneumonia and edema. Kidneys show a scarred sur- 
face, narrow and scarred cortex on section, scattered ccchymoses in parenchyma. 
Histological sections show an advanced acute and chronic glomerulonephritis. 
Stroma is much increased and contains great numbers of mononuclears in clusters. 
Some tubules contain polymorphonudears and many casts are seen. 

Table 2 (dog 26-164) shows 7 years of continuous history of this 
anemic dog. Nephritis was not recognized until 1934. During 
March, 1935, the dog was close to uremia (see Table 3) but made a 
good recovery, lived to 1937 and died in uremia. During 1935-37 we 
note a few periods in which the hemoglobin production on standard 
diets (pig kidney and iron) was definitely below normal but this was 
not a constant finding. The blood non-protein nitrogen was above 
normal on many occasions during a 2-year period 1935-37, Table 2. 
There was terminal endocarditis and bronchopneumonia. 

Table 3 (dog 26-164, see history above) shows a period of 15 weeks 
in which the dog came close to uremia but made a good rccover>\ 
Table 3 gives the usual experimental data (except red cell count and 
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hematocrit) which show that the anemic dog produced a net amount 
of hemoglobin (79 gm.) due to iron feeding which is normal just 
before the uremic period and a low normal hemoglobin (69 ^.) out- 
put due to liver extract plus iron just after the uremic period while 


TABLE 3 


Hemoglobin FrodtKlion—Dog Close to Uremia with Recovery 
Dog 26-164. March, 1935 (see Table 2 and History). 


Diet periods 1 wk. each 

Food con- 
sumed 

Weight 

PInsma 

volume 

Blood lib. 
level 



Food, gm. per day 

per 

cent 


cc. 

per 

cent 

gm. 

mg. per 
cent 

Fe 400 mg., bread 350, salmon 100, Klim 20 

100 

12.9 

734 




Fe 400 mg., bread 350, salmon 100, Klim 20 

100 

12.7 

756 

59 

34.3 


Bread 350, salmon 100, Klim 20 


12.9 

768 

47 

20.6 


Bread 350, salmon 100, Klim 20 

91 

13.1 

779 

45 

1.2 


Bread 350, salmon 100, Klim 20 

85 

13.2 

800 

45 

12.8 


Bread 350, salmon 100, Klim 20 

91 

13.1 

803 

45 

11.3 


Bread 325, salmon 100, Klim 20 

75 

12.8 

810 

41 

1.2 



Severe Nephritis (Uremia) and Recovery. N.P.N. 99 — 170 — 63 mg. per cent 

Mar. 20-24 


Bread 300, salmon 200, Klim 20 

79 

13.4 

785 

42 

1.1 

70 

Liver extract -f Fe 300 mg.* 

90 

12.9 

770 

68 

12.7 

53 

Liver extract -\r Fe 300 mg.* 


12.9 

707 

57 

20.3 

47 

Bread 250, salmon 150, Klim 20 


H 

741 

55 

24.3 

50 

Bread 250, salmon 150, Klim 20 



788 

50 

20.4 



Bread 275, salmon 150, Klim 20 


13.2 


47 

1.3 



Bread 275, salmon 150, Klim 20 

86 

13.3 

803 

46 

10.7 

28 

Bread 250, salmon ISO, Klim 20 

91 

12.9 

767 

40 

1.1 

— 


* Bread 200, salmon 150, Klim 20 daily. 


the blood non-protein nitrogen was subsiding to normal. It is not 
safe to claim that the hemoglobin producing mechanism in this dog 
was disturbed by the presence of a severe nephritis. 

Clinical Experimenlal History and Aulopsy.—Tahh 4. Dog 27-238. Adult 
female coach bull mongrel, weight 13.8 kilos. Born 1928, 9 years old at death. 
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Continuous anemia history Nov., 1928, to Aug., 1937. Raised on bread and milk 
diet from weaning to adult age; dog never received any animal viscera or meat 
during entire life. 

Sept., 1930. Urine: Albumin trace, no casts, 2 to 5 red cells per field, following 
iron (Fe) intravenous experiment. No abnormal clinical symptoms. Weight 
15.4 kilos. 

Uneventful anemia history to Sept., 1931, dog begins to leave food at times. 
Weight 16.0 kilos. July 14 to Aug. 14, 1933. Plasma protein 5.6 to 6.5 per cent. 
Weight 16.2 kilos. Oct. 21, 1933. Urine: Albumin trace, no casts, few red cells. 
Sept. 22, 1934. Urine: Albumin +, no casts, no red cells. Weight 16.2 kilos. 

TABLE 4 

Hemoglobin Production Shows Terminal Depression with Glomerulonephritis 

and Uremia 

Dog 27-238. 


Year 

Iron 21 mg. 

Iron -10 mg. 

Iron 400 mg. 

Apricots 

Albumin in 
urine 

Blood N.P.N. 

Net hemoglobin produced due to diet factors- 

— gm. petZwks. 







ms- percent 

1929 

40 






1930 


47,42 

79 

0 

+ 


1931 

29 

60 





1932 


49 

65 




1933 




33 

+ 


1934 


53 



+ 


1935 


44, 63 

65, 66 




1936 


59 



++ 


1937 


*7 



+ + 

200 


* Death 4 weeks after completion of this experiment. 


Sept., 1935. Weight 16.6 kilos. 

Uneventful anemia history to May 6, 1936. 

May 6, 1936. Urine: Albumin + +, no casts, 3 to 5 red cells per field. Weight 
16.0 kilos. Food consumption good to Aug. 16, 1937. Aug. 16, 1937. Leaves 
food 2 days. Slight vomiting. Weight 13.3 kilos. Aug. 19. Dog seems sick. 
Sugar intravenously 2 doses. Blood transfusion. Non-protein nitrogen 200 mg. 
per cent. 

Aug. 20, 1937. Found dead in morning, body cold. Autopsy done at once. 
Heart shows hypertrophy but no endocarditis. Lungs show interstitial pneu- 
monia and edema. Kidneys are small, surface granular. Cortex is narrow and 
shows loss of striation on section. Other organs not related. Histological sec- 
tions show the usual type of glomerulonephritis with adhesions between glomerular 
tuft and capsule. The stroma is greatly increased and contains nests of mono- 
nuclears. Tubules contain many casts. 
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Table 4 (dog 27-238) shows more than 8 years of continuous anemia 
vdth periodic tests of hemoglobin production which remains close 
to normal up to the last test completed 4 weeks before death. Renal 
injury "was noted in 1930 but there was no ob'vious increase in the 
nephritis until 1936. One negative test with apricots we cannot 
explain. The other apricot test was slightly subnormal in 1933. 
The series of tests with iron (40 mg. per day) is very complete and 
satisfactory. The hemoglobin production with this standard iron 
intake varies from 42 to 63 gm. which is within normal limits. The 
hemoglobin production "with the same dose of iron just 4 weeks before 
death shows a definite drop to 7 gm. indicating some impairment of 


TABLE 5 

Hemoglobin Production Shows No Depression within 3 Weeks of Death 
Glomerulonephritis and Uremia 

Dog 24-49. 


Year 

Chicken 

liver 

Chicken 

hazard 

Pig kidney 

Beef 

muscle 

Apricots 

Albumin in 
urine 

Blood N.P2^. 

Net hemoglobin produced due to diet factors— gm. per 2 vhs. 








m{. icr cent 

1925 





52 



1926 

83 

90 






1927 




25 


++ 

35 

1928 



55 


*48 


52 








86 








170 


* Death 3 weeks after completion of apricot experiment. 


hemoglobin production in the last stages of this fatal nephritis. There 
was a terminal pneumonia. 


Clinical Experimental History and Autopsy. — ^Table 5. Dog 24-49. Adult 
female bull terrier, weight 13.0 kilos. Bom 1923, 5 years old at death. Con- 
tinuous experimental anemia Oct. 31, 1924, to May 15, 1928. 1924 weight 13.0 
kilos. 1925 weight 15.0 kilos. 1926 weight 16.5 kilos. Uneventful anemia 
history to Feb. 15, 1927. 

Feb. 15, 1927. Two convulsions. Otherwise acts lil:e normal dog. Food 
consumption 100 per cent, bread diet. Weight 15.8 kUos. Feb. 18 Vomited 
food. Temperature 102°. Feb. 21 . Urine: Albumin, hyaline cast, few red cells. 
Feb. 23. Unne, 24 hours: Albumin 4.5 gm. per liter (Esbach), numerous granular 
casts, 10 to 25 red cells per field. Feb. 24. Blood non-protein nitrogen 35 mg 
per cent. 
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Apr. 1. Ear infection, leucocytes 20,000. Food consumption 100 per cent. 
Weight 16.1 kilos. Urine; Albumin 4.5 gm. per liter (Esbach), numerous granular 
casts, moderate number red cells. Apr. 15. Leucocytes 17,000 per c.mm. blood. 
Apr. 17. Leaves food intermittently, average consumption for week 75 per cent. 

Apr. 26. Urine, 48 hours: Albumin 2.5 gm. per liter (Esbach), granular casts, 
red cells. Blood non-protein nitrogen 34 mg. per cent. Food consumption for 
week average 72 per cent. Uneventful history to Sept." 2. Sept. 2. Ear dis- 
charging again. Leucocytes 19,000 per c.mm. Weight 15.7 kilos. 

Dec. 24. Manganese feeding experiment 115 mg. daily. Convulsions after 
10 doses. Discontinued. Jan. 5, 1928. No clinical improvement. Urine 
findings same, leucocytes 23,400 per c.mm. Several convulsions. Vomiting. 
Forced raw liver feeding. Jan. 14. Gradual improvement and recoverj'. Weight 

12.2 kilos. Mar. 15. Convulsions. Blood non-protein nitrogen 52 mg. per cent. 
Dog sick, left 50 per cent of food. Albumin 5 gm. per liter (Esbach). Mar. 19. 
Phenolsulfonephtlialein test, 2 hours output, 47 per cent. Mar. 22. Blood non- 
protein nitrogen 60 mg. per cent. Food consumption 100 per cent. Weiglit 

15.2 kilos. Apr. 23-25. Vomits, leaves food. Blood non-protein nitrogen 86 
mg. per cent. Gradual improvement, milk and syrup feeding by stomach tube. 
May 25. Blood non-protein nitrogen 66 mg. per cent, leucocytes 12,400 per c.mm. 
Food consumption 100 per cent. Weight 14.5 kilos. 

June 4-14. Leaves considerable food. Leucocytes 12,600 per c.mm. Infec- 
tion in ear flares up. June 15. Considerable vomiting. Blood non-protein 
nitrogen 170 mg. per cent. Weight 12.0 kilos. 

June 17, 1928. Dog found dead, body warm. Autopsy done at once. Heart 
shows great hypertrophy especially of left ventricle. Both auricles above valves 
show granules of old and recent vegetations (not unlike viridans type). No 
ulcers in endocardium. Kidne 3 's large and show a granular surface. Arcliitccture 
of cortex on section is not regular. No hemorrhages. Other organs not related 
or normal. Histological sections show advanced glomerulonephritis. Almost 
every glomerulus is enlarged and shows adhesions to tlie capsule. Tubules show 
epithelial degeneration and many casts. Stroma shows scars and nests of mono- 
nuclears. 

Table 5 (dog 24-49) shows an anemia historj’’ which runs through 
4 years. The determinations of the levels of hemoglobin production 
are not frequent but have a great interest during the last months of 
life. Nephritis was observed early in 1927 and was of a rather 
malignant type probably even at that time associated with a low 
grade endocarditis. Hemoglobin production was within normal 
limits whenever tested even late in 1928. The apricot c.xpcrimcnts 
are of particular interest; the first one in 1925 is normal (52 gm. hemo- 
globin) and the second one late in 1928 completed only 3 weeks before 
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death is likewise normal (48 gm. hemoglobin) in spite of impending 
uremia. 

Clinical Experimental History and Autopsy. — Table 6. Dog 27-233. Adult 
male coach terrier mongrel, weight 12.0 kilos. Bom 1928, 5 years old at death. 
Liver and bread diet from weaning to maturity. Continuous anemia Dec., 1928, 
to Dec., 1932. 

Uneventful anemia history to Aug. 5, 1930. Vomiting. Wight 15.6 kilos. 
Aug. 16, 1930, Urine: Albumin ++, granular casts, occasional red cell. 
Intermittent periods of poor food consumption to Mar., 1931, otherwise history 
uneventful. 


TABLE 6 


Hemoglobin Production Shows Terminal Depression with Glomerulonephritis 

and Uremia 


Dog 27-233. 


Yen 

Pig liver 

Beef 

mu^ele 

Iron 21 mg. 

Liver ex- 
tract — iron 

Liver ex- 
tract -1- iron 

Albiunin in 
urine 

' Blood 

Net hemoglobin produced due to diet factors— {m. fer Z vks. 








mt^ftrunX 




36 








31 

46 


■f + 


KM 




44 




1932 




32 

t75 

+++ 

32 








200 


Incomplete kidney feeding experiment 2 weeks before death shows zero hemo- 
globin production. 

* Reindeer liver contains 90 per cent as much potent material as pig liver (11. 
t Death 3 months after completion of this experiment. 


Mar. 16, 1931. Marked reaction to horse globin injection (2 gm.), severe 
intoxication, recovery. Weight 15.3 kilos. Mar. 24-26. Occasional vomiting 
unrelated to diet. May— Dec, Intermittent periods of decreased food consump- 
tion. 

Dec. 5. Marked diarrhea. Weight 14.8 kilos. Dec. 5-11. Left all food. 
Sugar intravenously several doses dady. Dec. 11. Fibrin 620 mg. per cent! 
Dec. 11-18. Several transfusions. Milk feeding by stomach tube. Dec. 12. 
Gradually improving. Sugar intravenously, 2 to 3 doses daUy, 12 days. Diar! 
rhcal stools contain blood clots. Vomiting. Transfusion. Weight lo«s 1 8 
kilos 1 week. Temperature 38.3°. Dec. 14. Fibrin 475 mg. per cent. Dec. 25. 
Recovery. Weight 11.8 kilos. Uneventful history to Mar. 14, 1932. Mar.- 
Aug., 1932. Intermittent poor food consumption. Weight 15.5 kilos. 
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Table 6 (dog 27-233) shows a continuous anemia history of 4 years. 
During this time the hemoglobin production on standard diets is 
within low normal limits. Renal injury was first noted in 1930. 
An intestinal infection was contracted in December, 1931, and caused 
severe clinical intoxication with bloody diarrhea. A second episode 
of diarrhea and intoxication was noted in August, 1932. The etiology 
of these infections was not determined but it was probably due to 
one of the dysentery group of bacteria. No determinations of hemo- 
globin production were made during these periods of dysentery and 
convalescence. 10 days before death a kidney feeding experiment 
was begun. For a week the food consumption was satisfactory and 
the hemoglobin production zero but it is not safe to say that the 
nephritis alone was responsible for this as autopsy showed a terminal 
bronchopneumonia which may well have been a factor. 

Summary Table 7 needs little comment. 

In addition to the five dogs tabulated above, determinations from 
five other dogs with fatal nephritis are included. These ten dogs with 
glomerulonephritis were observed in a group of 92 standard anemic 
dogs coming to autopsy in the last 10 years. The division into early 
and late nephritis was arbitrary and usually each period represented 
one-half of the life story after renal injury was established. In 
the early nephritis group we see that the averages of hemoglobin 
production run close to the control hemoglobin output for normal 
dogs— about 85 per cent of normal if we exclude the figures on kidney 
feeding because of too few experiments. The late nephritis averages 
are a little lower (70 per cent of normal) but this drop is not con- 
spicuous nor uniform. 


SDiUIARY 

Spontaneous glomerulonephritis develops not infrequently (11 
per cent incidence) in the anemia colony. The course of the nephritis 
is insidious and usually extends over several years but ends in uremia, 
often ■vrith terminal bronchopneumonia. 

Hemoglobin production in these standard anemic dogs is well 
established as related to various standard food factors. These tests 
are summarized in the tables above to show the changes that appear 
year by year in the life of each dog. 
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Nephritis causes little or no change in hemoglobin production in 
anemic dogs in the early stages of the disease. In the late stages of 
nephritis there may be no change or moderate changes in hemoglobin 
production in these anemic dogs. The average is 70 per cent of 
normal hemoglobin production in advanced nephritis. 

It seems unlikely that this degree of impairment of hemoglobin 
production in nephritis would result in spontaneous anemia in the dog. 

BIBLIOGRAPHY 

1. Robscheit-Robbins, F. S., and Whipple, G. H., Am. J. Physiol., 1934, 108, 279. 

2. Robscheit-Robbins, F. S., and Whipple, G. H., J. Exp. Med., 1936, 63, 767. 

3. Whipple, G, H., and Robscheit-Robbins, F. S., Am. J. Physiol., 1936, 115, 651. 

4. Whipple, G. H., Robscheit-Robbins, F. S., and Walden, G. B., Am. J. Med. 

Sc., 1930, 179, 628. 



THE ANTIBODy RESPONSE TO SWINE INFLUENZA* 
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{From the Department of Animal and Plant Pathology of The Rockefeller Institute 

for Medical Research, Princeton, New Jersey) 

(Received for publication, November 4, 1938) 

It is well known that antibodies capable of neutralizing swine in- 
fluenza virus are present in the sera of swine recovered from swine 
influenza (1-4). However, neither the exact time following infection 
that these antibodies first appear nor the time at which they reach 
their highest titer has been determined. The present experiments 
were conducted in order to obtain this information. 

Methods 

Five swine were inoculated intranasally with a mixture of strain 15 swine 
influenza virus (1) and Hemophilus influenzae suis (5). Four of these animals 
developed typical swine influenza, while the 5th had an extremely mild illness like 
the “filtrate disease” seen in swine infected with virus alone (1). A 6th pig was 
inoculated intranasally with swine influenza virus alone and developed filtrate 
disease. These 6 swine were bled just prior to infection and then repeatedly 
during illness and after recovery, and the sera thus obtained were titrated for 
antibodies which neutralize swine influenza virus. 

Titration of Antibodies for Swine Influenza Virus. — ^The neutralization tests 
were conducted in the usual way in white mice (3), employing the supernatant of 
a 2 per cent suspension of glycerinated infected mouse lung as virus and mixing 
this in equal parts with the serum dilution to be tested. Strain 15 swine influenza 
virus was used in all tests. The serum dilutions were prepared in physiologic 
salt solution, using 0.2 cc. of serum in varying amounts of the diluent. A further 
twofold dilution occurred, when the serum was added to the virus suspension. 
Three etherized mice were inoculated, in testing each serum dilution, by dipping 
their noses in the virus-serum mixture contained in a slightly tilted small Petri 
dish. Each neutralization experiment was allowed to run for 10 days. Mice 
which succumbed during the 10 day observation period and showed typical pul- 

•This paper is part of a thesis submitted by Dr. Carlos T. Rosenbuscb to 
the Faculty of Iowa State College in partial fulfillment of the degree of Doctor 
of Philosophy. 
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monary pathology of influenza at autopsy were considered to have received a non- 
neutralizing dilution of serum. Those which survived the 10 day period were 
considered to have received a neutralizing dilution of serum. The final titer of a 
given serum was taken as the highest dilution which protected all or the majority 
of the mice against death. 


RESULTS 

Swine 1993 (Fig. 1) developed typical swine influenza of 7 days’ duration, and 
neutralizing antibodies were first detectible in its serum on the 6th day after infec- 
tion. They rose to a titer of 1:20 on the 7th day and remained at this level until 
the animal was killed on the 11th day. 

Swine 1974 (Fig. 2) was ill of swine influenza for 7 days following inoculation, 
and neutralizing antibodies first appeared in the serum on the last day of illness. 
By the 10th day the antibody titer had reached 1:20, and a titer of 1:60 was 
attained on the 14th day. Two days later it had decreased to 1 :40, and this level 
was maintained until the termination of the experiment on the 84th day. 

Swine 1975 (Fig. 3), inoculated in the same manner with a mixture of swine 
influenza virus and H. influenzae sttis, did not show the usual clinical manifesta- 
tions of swine influenza. Instead it underwent only a brief mild illness character- 
ized clinically by malaise and inappetence of 2 days’ duration. The clinical pic- 
ture was indistinguishable from filtrate disease seen in swine infected with swine 
influenza virus alone. Infections of this type are of extremely rare occurrence in 
fully susceptible swine. The e.xact time at which neutralizing antibodies first 
appeared in the serum of this pig is unknown, because bleedings were unfortunately 
omitted on the 8th and 9th days after inoculation. No antibody was detectible 
on the 7th day, while by the 10th day the titer had reached 1 :40. By the 14th 
day the titer had risen to 1:60, and this level was maintained through the 21st 
day. On the 27th day the antibody titer was found to have risen to 1 : 120, and 
this level was maintained through the 46th day. It had decreased to 1:80 on the 
62nd day and was still 1 : 80 on the 84th day when the e.xperiment was terminated. 

Swine 1984 (Fig. 4) was ill of swine influenza for 6 days, and neutralizing anti- 
body first became detectible in its serum on the 7th day. By the 10th day the 
titer had risen to 1:20 and on the 14th day it reached 1:40. By the 20th day 
the antibody titer w'as 1:120. At this time the animal was tested for active 
immunity to swine influenza by intranasal inoculation with a mixture of swine 
influenza virus and H. infljicnzac suis. It proved solidly immune. Scrum was 
obtained 6, 12, 24, 50, and 72 hours following the immunity test and titrated for 
neutralizing antibody, but no significant change in the antibody titer was 
observed. The titer was still 1:120 when the c.xpcriment was terminated on the 
31st day. 

Swine 1985 (Fig. 5) had a characteristic swine influenza of 7 days' duration, 
and neutralizing antibody first appeared in the serum on the last day of illness. 
The titer reached 1 :20 on the following day and by the 10th day had risen to 1 :S0. 





Fig. 1. Swine 1993. Inoculated intranasally with swine influenza virus + 
E. influenzae suis. 

Figs. 1 to 6. The full line represents temperature; the broken line, neutralizing 
antibody titer. 



Fig. 2. Swine 1974. Inoculated intranasally with swine influenza virus 4- 
H. influenzae suis. 
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Fig. 4. Swine 1984. Inoculated intranasally with swine influenza virus + 
H. mfluenzae suis. 



Fig. 5. Swine 1985. Inoculated intranasally with swine influenza virus 
+ H. influenzae suis. 



Fig. 6. Swine 2002. Inoculated intranasally with swine influenza virus alone. 
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On the 15th and 20th days the antibody titer was 1 : 160. The animal was tested 
for active immunity to swine influenza on the 20th day and found to be solidly 
immune. Serum drawn 6, 12, 24, 50, and 72 hours after the immunity test was 
titrated for antibody, but no significant change was found. The titer remained 
at 1:160 when the experiment was concluded on the 31st day. 

Swine 2002 (Fig. 6) was infected with swine influenza virus alone and under- 
went an attack of the mild filtrate disease. There was no significant temperature 
elevation, and clinically the illness was characterized by malaise and inappetence 
of 2 days’ duration. Neutralizing antibody first became detectible in the serum 
of this animal on the 10th day. The antibody titer rose gradually to 1 : 80 on the 
27th day and persisted at this level on the 33rd day when the experiment was 
terminated. 



Fig. 7. Comparative antibody response of the 6 swine to swine influenza. 


DISCUSSION 

The results summarized in Fig. 7 illustrate the variable extent of the 
antibody response of individual swine to swine influenza. In the 4 
animals that underwent typical attacks of the disease, antibodies were 
present by the 7th day after infection, while in the 2 that sufltered only 
the mild filtrate disease, antibodies did not appear imtil sometime 
after the 7th day. Similarly the time required to reach the highest 
antibody titer appeared to be influenced by the clinical severit}^ of the 
disease. ^ Excluding swine 1993, observed for only 11 days, the animals 
with tj'pical influenza reached their maximum titers on the 14th, 15th, 
and 20th days after infection. The 2 swine that underwent attacks 
of the mild filtrate disease, on the other hand, did not reach their 
ma.ximum titers until the 27th day after infection. There was no 
apparent relationship between clinical severity of disease and the 
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maximum antibody titers eventually reached. These ranged from 
1:60 to 1:160. In 2 animals kept under observation for 84 days 
there was some decrease in titer from the highest level attained. 

The present findings concerning the antibody response in swine 
influenza are similar to those noted by investigators of human in- 
fluenza. Smith and Stuart-Harris (6) observed that tlie antibody 
titer of a human case had risen considerably by the 8th day after onset 
of illness, reached a peak between the 16th and 31st days, and had 
declined slightly by the 44th day. Francis and his coworkers (7) 
noted, in another human case, that the antibody titer rose abruptly on 
the 7th day, reached a peak on the 14th day, and then gradually de- 
clined. Smorodintseff and his coworkers (8) reported 25 to 100-fold 
increases in the neutralizing antibody titers of the sera of their vol- 
unteers 10 to 15 days after experimental infection with human in- 
fluenza virus. 

In the 4 swine that underwent typical attacks of swine influenza, 
the appearance of neutralizing antibodies coincided rather closely with 
defervescence and clinical recovery, suggesting that the antibodies 
may have contributed materially to the cessation of signs of illness. 
It is known, furthermore, that swine influenza \arus is, as a rule, no 
longer demonstrable in the swine respiratory tract 7 or more da}^s 
after infection. The anatomical changes produced in the lung by tlic 
infection, however, persist for a variable period of time after recovery 
is clinically apparently complete. The possibility tliat the appear- 
ance of circulating virus-neutralizing antibody is the sole cause of 
clinical recover}’’ is rendered unlikely by the findings in the cases of the 
2 mildly ill animals, in which, though signs of clinical infection per- 
sisted for only 2 days, neutralizing antibody did not become detectible 
until after 7 days. 

SUTUMARY 

Antibodies that neutralize swine influenza virus became detectible 
in the serum of swine on the 6th or 7th day after infection with swine 
influenza. Their appearance corresponded rather closely with clinical 
recovcr}L In swine with the milder filtrate disease, neutralizing 
antibodies did not appear until sometime between the 7th and 10th 
days. The maximum antibody titers ranged from 1 : 60 to 1:160 and 
were attained on from the 14th to the 2/th days after infection. 
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VITAMIN C IN RELATION TO EXPERIMENTAL 
POLIOMYELITIS 

With Incidentai. Observations on Certain IMaiheestations in 
Macacus rhesus Moneevs on a Scorbutic Diet 

By albert B. SABIN, M.D. 

(From the Laboraiories oj The Rockefeller hisliluUfor Medical Research) 
Plates 30 and 31 

(Received for publication, December 21, 1938) 

Data have recently been presented to show that the administration 
of natural vitamin C during the incubation period of experimental 
poliomyelitis is capable of modifying the course of the disease and of 
preventing paralysis in a considerable number of Macacus rhesus 
monkeys. - 

"With the Aycock strain of the virus and the intracerebral route of inoculation, 
Jungeblut (1, 2) found that 77 of 243 (31.3 per cent) vitamin C-treated monkeys 
escaped paralysis, as compared with only seven of 136 (5.2 per cent) vmtreated 
animak. When synthetic vitamin C was used, no significant effect was obtained 
since only eleven of 101, or 10.2 per cent, failed to develop paralysis. With the 
M.V. virus (special strain used exclusively for nasal instillation for several years 
and obtained from the writer) instilled intranasally Jungeblut (2) reported that 
only one of twenty monkeys treated with 5 to 25 mg. of natural vitamin C daily 
(optimum dose in intracerebral experiments) showed no paralysis, while among 
ten animals treated with 50 to 100 mg. daily nine escaped paralysis; fifteen im- 
treated monkeys all became paralyzed. 

Since any substance exerting such an effect on experimental polio- 
myelitis might be a most useful therapeutic agent, it was deemed 
desirable to determine whether or not these results could be re- 
produced. 

Methods 

The strain of M.V. virus, the technique of nasal instillation, and other details 
which contribute to the constanc>' of infection (nearly 100 per cent in over 100 
monkeys) by the nasal route were described in a recent communication (3). 
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The infecting dose was 1 cc. of a 5 per cent suspension of virus for each nostril 
on two occasions at an interval of 4 to 6 hours. "WTien the second dose is omitted 
the number of monkeys which succumb ma}’’ be reduced by half, indicating tliat 
the dosage employed is just within the range of that required to infect successfully 
all monkeys (provided the virus is fresh or has not been in glycerol much longer 
than a month). Two preparations of vitamin C, natural and synthetic,^ were 
used. The vitamin was dissolved in distilled water just before using and the 
injections were given subcutaneously. When 400 mg. of the synthetic crystalline 
preparation was administered in a single daily dose, it was neutralized with NaOH 
just before using. The vitamin was administered immediately after nasal instilla- 
tion of the virus and once daily thereafter until the outcome was clearly apparent. 

Effect of Vitamin C on Disease Induced by Nasal Instillation of Virus 

Thirty-six monkeys were used in the first test. The}" were on a vitamin C-ade- 
quate diet (oranges, bananas, bread, and milk) for at least 9 days before virus 
instillation, during which time their rectal temperatures were recorded daily as an 
aid in the interpretation of any subsequent febrile reaction. All monkeys were 
instilled at the same time with a pool of poliomyelitic cords which had been kept 
in 50 per cent glycerol for 3 months. Virus of this age was used witli tlie hope 
that less than 100 per cent of the control animals would succumb. Ten monkeys 
were untreated; six received at the time virus was first instilled and daily tlierc- 
after 5 mg. of natural vitamin C; ten, 100 mg. of natural C; and ten, 100 mg. of 
synthetic, crystalline cevitamic acid. 

The results recorded both in Chart 1 and Table I show that vitamin 
C neither modified the course of the disease nor prevented paralysis: 
80 per cent of the untreated monkeys and 90 per cent of the treated 
ones developed paralysis. With these data at hand, Dr. Jungeblut’s 
advice was sought and a similar experiment was carried out jointly 
in his laboratory. In a group of forty monkeys, among which ten 
were controls and thirty were treated with var}"ing amounts of vitamin 
C, only one monkey, a treated one, escaped paralysis. 

Infficncc of Preliminary Diet 

In an attempt to find an explanation for the discrepancy between the 
present and the reported (1, 2) results, it appeared that vitamin C 
may perhaps be effective only at the time it is being taken up by 
depleted tissues. If that were the case, one might e.xpcct no effect 
in monkeys which had been in the laboratory on an adequate \'itamin 

* Kindly supplied by ilcrck and Company. 
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C diet for some time prior to the experiment (as was the case in the 
present tests), while in monkeys whose store of vitarnin C was de- 
pleted a beneficial result may perhaps be obtained. This possibility 
was submitted to experiment. 

Forty-six monkeys, selected for their excellent physical condition and nutri- 
tion, were obtained in a single lot on Jan. 4, 1938, from one dealer who stated that 


TABLE I 

Efed of Vitamin C on Experimental Poliomyelitis 


Series | 

Preliminary diet 

Vitamin C given d^ly 
following nasal instilla- 
tion of virus 

Number of 
monkeys 

Number developed 
paralysis 

I 

Vitamin C 

None 

10 

8 


adequate for at least 

9 days before test 

5 mg. natural 

100 “ “ 

100 “ synthetic 

6 

(1 died rvithout 
evidence of 
poliomyelitis) 
10 

10 

5 

9 

9 

n 

Vitamin C | 

None 

6 

6 


adequate for at least 

100 mg. natural 1 

7 

7 


21 days before test 

400 “ synthetic 

7 

7 


Vitamin C 

None 

5 

4 


deficient for 21 days 
before test 

100 mg. natural 

7 

7 

Total untreated 


21 

18 (86 per cent) 

Total treated 


47 

44 (94 per cent) 


they had arrived in a single shipment on Dec. 28, 1937, and that during the 
voyage, as well as in his own establishment, their diet included oranges and other 
fresh fruits. Twentj’-one of these monkeys were placed on the regular laboratory 
diet (bread, pasteurized milk, oranges, and bananas) and at the end of 3 weeks 
only one died, the remaining twenty being healthy and well nourished. The 
other twent>'-five monkeys were put on the following vitamin C-inadequate diet: 


Milk (boiled with a constant stream of compressed air for 1 hr.) 

Granulated sugar 
Cod liver oil 
llTiole wheat bread 
Peanuts 


250 cc. 

15 gm. 
15 cc. 
80 gm. 
ad lib. 
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The indicated amounts were those allowed daily for each monkey. The diet 
was only partly consumed due to the monkeys’ dislike for cod liver oil and when 
it was found that they were not thriving, it was changed on the 12th day to 
pasteurized whole milk with added cane sugar and 2 drops of drisdol (cr}'stalline 
vitamin D in propylene glycol) per monkey, white bread, and peanuts; the new 
diet was completely consumed. At the end of 3 weeks thirteen of the twenty- 
five monkeys had died in a manner to be described in a subsequent section. 

On Jan. 25, 1938, i.e., at the end of 3 weeks on their respective diets, all the 
monkeys were given virus intranasally. Of the twenty which had been on tlie 
vitamin C-adequate diet, six served as controls, seven received 100 mg. of natural 
vitamin C daily, and seven others were given 400 mg. crystalline synthetic vitamin 
C daily at Dr. Jungeblut’s suggestion, who believed from his unreported experi- 
ments that the synthetic vitamin might be effective when administered in larger 
amounts. Of the twelve remaining monkeys which were on the vitamin C-defi- 
cient diet, five served as controls and seven were given 100 mg, of natural vitamin 
C daily. 

The results recorded in Table I and Chart 2 show no effect of vi- 
tamin C in either group. Of the thirty-two monkeys all but one 
developed paralysis and that one was in the untreated control group 
which had been fed with the vitamin C-deficient diet. 

So7nc Manifestations in Monkeys on a Scorbutic Diet 

Since hitherto few monkeys have been used in vitamin C studies, it 
may be of interest to record some of the more striking manifestations 
among the rhesus monkeys which were on a scorbutic diet in the present 
investigation. That which attracted most attention was the death 
of thirteen of twenty-five monkeys between the 9th and 18th days 
after they had been put on the scorbutic diet, while among the twenty- 
one monkeys on the regular diet aU remained well during the same 
period. 

Postmortem examination revealed evidence of acute infections in most of the 
fatal instances— five had non-tuberculous, lobar pneumonia with complete con- 
solidation of one or more lobes; three, hemorrhagic enterocolitis; one, an exy- 
sipelas-like infection of the face; and in four there were no gross pathological 
changes other than emaciation; the monkeys that died with pneumonia were all 
well nourished (see Chart 3). While none of the monkeys showed any definite 
clinical or gross pathological evidence of scurvx there was, nevertheless, micro- 
scopic evidence of early scurvj’ in the ribs and lower ends of the femurs of some of 
them. 



Wbnkeys on <adec|jU£ite vitamin C diet 



course of experimental poliomyelitis. 
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The increased susceptibility to spontaneous infection among guinea 
pigs on scorbutic diets and among human beings mtli scurv}'- has been 
noted by several investigators. It is also interesting that the in- 
fections observed by Hojer (4) and others in guinea pigs on \dtamin C- 
deficient diets were chiefly of the upper respiratory tract and pneu- 
monia, septicemia, and enterocolitis. The present observations on 
monkeys, which correspond so closely to those on guinea pigs, derive 
special significance from the practically total absence of acute infec- 


21 monkeys on vitamin C-adec^uats 

diet 

25 monkeys on scorbutic. di< 

• 

111 1 1 bdlllB 

it 

Lb 

■ 1 n 1 1 1 


1 3 5 7 9 11 13 15 17 19 M 


Days on diet 

- lobar pneumonia, non- tuberculous 
S -Enterocolitis 

-No gross pathological change other than emaciation 

@ -Erysipelas-like infection of face 
-Pulmonary tuberculosis 

Each s<juare represents one dead monkey 
Chart 3. Mortality in relation to diet in a single colony of rhesus monkeys. 

tion among the other twenty-one monkeys of the same group whicli 
were receiving the regular diet. 

The twelve remaining monkeys all received poliomyelitis virus 3 
weeks after the beginning of the vitamin C-deficient diet. Clinical, 
x-ray, or postmortem evidence of scurv}' was found among three of 
tlie five monkeys whose diet was not supplemented by vitamin C, but 
not among the seven which received 100 mg. of natural vitamin C 
daily. 

Two of these three showed their first signs of scurv>' at the end of the 4th week 
after the beginning of the diet and during the course of poliomyelitic infection. 
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Monkey 58 first exhibited edema of the eyelids which became discolored the fol- 
lowing day from spontaneous hemorrhages; there were also some sponginess and 
subgingival hemorrhage about three teeth. WhUe there was no other external 
hemorrhage, the tourniquet test applied to the upper extreimty yielded a large 
crop of petechiae on the arm and forearm distal to the tourniquet. There was a 
peculiar clumsiness of the upper and lower extremities (recorded as weakness) 
for at least 2 days before the onset of the characteristic nervous signs of polio- 
myelitis, apparently as a result of subepiphyseal fractures which were found at 
autopsy. The lower ends of both femurs and the upper ends of both tibiae and 
humeri showed varying degrees of fracture, periosteal separation, and subperi- 
osteal hemorrhage (Figs. 1 and 2). “Mushrooming” of some of the ribs at the 
costochondral junctions could be discerned by palpation, as well as by x-ray, 
which also revealed “cupping,” loss of calcium, and focal trabecular disintegra- 
tion (Figs. 4 and 5). Outside the skeleton there was a striking reaction in the 
abdomen where there was considerable hemorrhage in the wall beneath the 
parietal peritoneum as well as large, subcapsular blood clots around both kidneys 
(Fig. 3). The writer has not found reference to hemorrhages in these sites and it 
is quite probable that they were the result of the method used in catching the 
monkeys, which involves grasping the animal by the small of the back. Monkey 
57 showed gross changes only in the lower ends of both femurs (epiphyseal infrac- 
tions) and by x-ray in some of the ribs. Monkeys 59 and 60 showed no gross 
scorbutic changes. Monkey 61 exhibited no evidence of poliomyelitic infection. 
On the 42nd day after the beginning of the diet, it had questionable gingival 
changes and also some difficulty in climbing; on the 43rd day both the upper and 
lower eyelids were edematous, and the gums were red and spongy about the 
incisor teeth. 2 days later the eyelids were hemorrhagic; it had lost the use of its 
right arm and could climb only with the greatest difficulty. The tourniquet 
test was positive on two occasions; it was negative in six normal monkeys. The 
monkey appeared ill, was disinclined to move, but it was quite evident that the 
loss of function in the extremities was due to spontaneous fractures— bony crepitus 
was clearly elicited — rather than to nervous involvement. X-ray revealed frac- 
tures nith displacement at the lower ends of both femurs (Figs. 8 and 16) ; scor- 
butic changes were also apparent in the upper ends of the humeri and in the ulna 
at the wrists (Figs. 12 and 14) . On completion of the 4 weeks of observation fol- 
lowing the instillation of virus (i.e., 49 days of deficient diet), 1 gm. of the crystal- 
line, synthetic cevitamic acid used for treatment of the other monkeys was given 
subcutaneously to monkey 61. The following day the hemorrhage and edema of 
the eyelids had disappeared, the tourniquet test was negative, and the monkey 
appeared much improved. Smaller doses of vitamin C continued to be given 
daily and within 4 to 5 days it regained the use of its extremities and x-rays 
taken 10 days later showed repair of the fractures with calcification of what must 
have been e.xtcnsive subperiosteal hemorrhages about the femurs, humeri, one 
ulna, and costochondral junctions (Figs. 7, 9, 11, 13, 15, and 17). These x-ray 
findings were confirmed at autopsy. 
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In correlating the manifestations in monkeys with the changes seen 
in human scurvy, it should be noted that the age of the monkeys used 
in these studies is equivalent to that of 10 to 13 years in human beings 
calculated on the basis of the development of ossification centers and 
the open epiph3'^ses. The bony changes observed here correspond 
closely to those seen in scorbutic children. In so far as the high in- 
cidence of acute infections can be attributed to the inadequate diet, 
it is noteworthy that the increased susceptibility to spontaneous 
infection developed before any gross signs of scurv)’^ had appeared. 
The impression was gained that in the investigation of certain problems 
relative to vitamin C deficiency rhesus monkeys might be used more 
advantageously than guinea pigs. 

DISCUSSION AND SUMMARY 

In the experiments reported in the present communication it was 
found that vitamin C, both natural and synthetic preparations, had 
no effect on the course of experimental poliomyelitis induced by nasal 
instillation of the virus. The objection cannot be raised that too 
large an amount of virus was used, since recent studies (3) on the fate 
of the nasally instilled virus indicated that all but an undetectable 
amount of it is swallowed and disappears from the nasal mucosa within 
3 hours or less, and that none is demonstrable in the central nervous 
system before the 3rd day. Vitamin C administration was begun 
immediately after the instillation of virus and if it were capable of 
exerting any effect on the virus or the tissues it could have done so 
even before multiplication of virus had begun. Monkeys whose 
store of vitamin C was depleted reacted in the same way as tliosc 
receiving an adequate diet. There is no apparent e.xplanation for 
the difference between these results and those reported earlier by 
Jungeblut (1, 2). 

During the present investigation it was found that monkeys on a 
scorbutic diet died of spontaneous acute infections, chiefly pneumonia 
and enterocolitis, while their mates receiving an adequate diet re- 
mained well. The surviving monkeys on the scorbutic diet dcveloj^cd 
the osseous and other changes of human scurvy, and the vitamin C 
used in this study was shown to produce healing and calcification in 
the bones as well as to check the edema and hemorrhagic diathesis. 
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EXPLANATION OF PLATES 
Plate 30 

Fig. 1. Lower end of femur of scorbutic monkej' (M 58). Arrows point to sub- 
epiphyseal fracture and subperiosteal hemorrhage. X 2. 

Fig. 2. Upper end of tibia of M 58. Note separation of periosteum from shaft 
without hemorrhage, in addition to subepiphyseal fracture. X 2. 

Fig. 3. Subcapsular perirenal hemorrhage in M 58. X 2. 






Plate 31 

Fig. 4. Ribs of normal monkey. Note the almost straiglit line between the 
bone and cartilage. X 2. 

Figs. 5 and 6. Ribs of two scorbutic monkeys. Arrows point to “mushroom- 
ing” and “cupping” of costochondral junction and to foci of trabecular disintegra- 
tion. X 2. 

Fig, 7. Ribs of scorbutic monkey (M 61) 10 days after vitamin C. Note 
rosary formed by calcification of subperiosteal hemorrhage in all the fi.\'ed ribs 
with the exception of the upper three, suggesting the role of the respiratory move- 
ments in the causation of these changes. Actual size. 

Fig. 8. Right knee of M 61 just before vitamin C therapy. Arrow points to 
fracture and displacement at lower end of femur; note also the light zone of 
diminished calcification. 

Fig. 9. Same knee 10 days after beginning of vitamin C therapy. Arrow 
points to calcified subperiosteal hemorrhage. 

Figs. 10 and 11. Right humerus (M 61) before and 10 days after vitamin C. 
Arrows in Fig. 11 point to calcified subperiosteal hemorrhage. 

Figs. 12 and 13. Right wrist (M 61) before and 10 days after vitamin C. 
Arrow points to the more marked zone of decalcification in the ulna prior to 
vitamin C. 

Figs. 14 and 15. Left wrist (M 61) before and 10 days after vitamin C. Arrow 
in Fig. 15 points to calcified subperiosteal hemorrhage. 

Figs. 16 and 17. Left knee (M 61) before and 10 days after vitamin C. .‘\r- 
row in Fig. 16 points to fracture with displacement in femur and that in h'ig. 17 
to calcified subperiosteal hemorrhage. 
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When rhesus monkeys with acute Plasmodium knowlesi infection 
recover after administration of quinine, complement-fixing antibodies 
are present at maximum titer in the serum soon after the first acute 
infection has subsided (1), and protective (2) and agglutinating (3) 
antibodies are demonstrable somewhat later in the course of the 
chronic disease. Relapses cause an increase in the titer of comple- 
ment-fixing antibodies. From previous studies it has been impossible 
to learn whether the antigens and antibodies concerned in the comple- 
ment fixation reaction are identical with or different from the antigens 
and antibodies concerned in active i mmun i ty and passive protection. 

The results of the present work show that a soluble malarial antigen 
occurs in the serum of monkeys with acute Plasmodium knowlesi 
infection. This antigen, upon injection into normal monkeys, gives 
rise to complement-fixing antibodies which are similar to those pro- 
duced by malarial infection, but no protective or agglutinating anti- 
bodies are formed. This paper will describe serological and chemical 
investigations of the soluble malarial antigen. 

Materials and Methods 

The sera to be tested for soluble malarial antigen were obtained by allowing 
the parasitized blood to clot, or by collecting the blood in an equal volume of 2 
per cent sodium citrate solution. In either case the serum was separated from 
the red cells as soon as possible after drawing the blood in order to minimize the 
possibility of extraction of antigen from the parasites in vitro. Chloroform was 
added as a preservative. The preparations containing sodium citrate were anti- 
complcmentar^', but these could be made suitable for use in the complement 
fixation test by dialyzing them for 24 hours and then centrifuging to remove 
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the precipitated fibrin and globulins. Removal of the fibrin teas also accom- 
plished by adding calcium chloride solution in order to bring about clotting of 
the citrated plasma, shaking with glass beads, and centrifuging. A concentra- 
tion of about 0.5 per cent calcium chloride was required. 

Immune sera were obtained from monkeys with chronic P. knowlesi infection. 
Some of these animals had been repeatedly superinfected with large doses of 
living parasites. The same sera had been tested by complement fi.xation with 
antigens from parasitized red cells or spleens (1) and by agglutination (3). 

The method of performing the complement fixation test was identical with the 
procedure described previously (1), except that serum from monkeys with acute 
P. knowlesi infection was used in place of malarial antigens extracted by saline 
from parasitized blood cells or spleens. To distinguish this from blood antigen 
and spleen antigen the antigen-containing serum will be referred to in this paper 
as serum antigen. 

For the immunization of monkeys the citrated plasma from heavily parasi- 
tized blood was injected intravenously. In order to exclude the possibility of 
injecting living parasites, the serum antigen was treated with chloroform, allowed 
to stand in the ice box for at least 3 days, and centrifuged at 3000 r.p.m. for half 
an hour before it was injected into the monkeys. After a longer time in the 
ice box these preparations formed a fibrin precipitate, and it was found necessary 
to centrifuge them again at 3000 r.p.m. 

Detection of the Soluble Malarial Antigen 

Strong complement fixation reactions were regularly obtained when 
the sera of monkeys with severe, acute P, knowlesi infection (as anti- 
gens) were tested with antiserum from a hyperimmunized monkey. 
Sera from fourteen monkeys with parasite counts above 500 per 10,000 
red blood cells all gave complement fixation up to dilutions of 1 : 32 to 
1:128 with antiserum diluted 1:10. Sera from eight monkeys with 
chronic malaria and parasite counts below 10 per 10,000 red blood cells 
gave no complement fixation with the same antiserum. No reaction 
was obtained when sera from normal monkeys were tested with the 
immune serum. 

The soluble malarial antigen may fail to give a definite fixation of 
complement wdth certain immune sera from monkeys w’ith chronic 
P. knowlesi infection. Of fourteen immune sera tested against a 
single preparation of serum antigen, nine gave strong fi.vation of com- 
plement, two gave w'eak reactions, and three gave negative reactions. 
The sera which gave weak or negative reactions with the serum antigen 
also showed low titers of complement-fixing antibodies when tested 



MONROE B. EATON 


519 


with antigen prepared from parasitized red cells. Sera from ten 
normal monkeys gave no fixation of complement with the serum 
antigen. 

Relation of the Soluble Malarial Antigen in the Serum 
to the Parasite Count 

The sera of two monkeys were collected every 24 to 48 hours during 
acute infection with P. knowlesi. The titer of soluble antigen in these 
sera was determined by complement fixation with an immune serum 
(diluted 1; 10) from a monkey with chronic malaria. The results are 



Bays after injection of -parasites 

Fig. 1. Relation of soluble malarial antigen to parasite count in acute infection 
with P . knowlesi. Solid lines represent titer of antigen, broken lines parasite 
count. 

presented graphically in Fig. 1. Monkey A received no treatment 
and died on the 10th day. The rapid rise in the parasite count of thig 
animal was accompanied by a corresponding rise in the titer of soluble 
antigen between the 5th and 10th days after inoculation. Monkey 
B was treated by' intramuscular injection of 3 cc. of a 3 per cent solu- 
tion of quinine on the 7th and 8th days and subsequently recovered. 
The initial rise of the parasite count was accompanied by a rise in the 
titer of antigen in the serum, and after the injection of quinine the 




520 


SOLUBLE MALARIAL ANTIGEN 


parasite count and titer of soluble antigen both fell together. How- 
ever, the secondary rise in the parasite count between the 9th and 12th 
days was not accompanied by an increase in the amount of soluble 
antigen in the serum. At this time the monkey was beginning to 
develop active immunit}'- to the infection. 

The disappearance of the soluble malarial antigen from the serum, 
after the acute infection subsides, is indicated b}'’ the results presented 
in Table I. For example, blood B-1, taken at 6 days, showed a para- 

TABLE I 


Relation of Tiler of Serum Antigen to Parasite Count at Various Times 
during Plasmodium hiowlcsi Infection 


Blood No. 

Time after 
inoculation 

Parasites per 10,000 
red cells 

Titer of antigen in 
scrum 


days 



A-1 

7 

16 

1:8 

A-2 

9 

121 

1:32 

B-1 

6 

21 

1:16 

3 

6 

198 

1:32 

4 

14 

740 

1:64 

B-2 

13 

40 

1:4 

5 

14 

510 

1:64 

F-1 

21 

664 

1:32 

6 

27 

6 

Trace 

G-1 

32 

6 

0 

F-2 

33 

6 

0 

7 

32 

35 

Trace 

8 

62 

50 

0 

G-2 

120 

335 

1:8 

G-3 

123 

150 

0 


site count of 21 and a titer of antigen of 1:16, while blood B-2, taken 
from the same monkey at 13 days, had a parasite count of 40 and an 
antigen titer of only 1:4. When the infection became chronic, no 
soluble antigen was demonstrable in the serum, although the parasite 
count was as high as it was at the beginning of the acute infection. 
This may be seen from a comparison of A-1, A-2, B-1, and 3 with 7, S, 
and G-3 in Table I. During a relapse when the parasite count was 
ver}' high, soluble antigen reappeared in the serum (blood G-1, G-2, 
G-3), but milder relapses were not accompanied by the appearance of 
detectable amounts of antigen. 
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Reaciion of Serum Antigen with Malarial Sera from Human Beings 

Complement fixation reactions of human malarial sera "with an 
antigen prepared from the parasitized red cells of monkeys dying of 
acute P. hiowlesi infection have been described previously (5). The 
results of performing similar tests with serum antigen in place of 
antigen from parasitized blood are presented in Table II. The results 
indicate that the reactions obtained with human sera and serum 
antigen from monkeys were generally weak or doubtful, although the 

TABLE n 


Complement Fixation with Human Sera and. Antigens from Serum and Parasitized 
Cells of Monkeys Dying of Plasmodium knowlesi Infection 


Serum 

BHutiou 

Serum aad* 
gen 1:16 

Normal mon- 
key serum 
1:16 



Malaiial human 






Lc 

1:4 

+-f 

0 

++++ 

+ 

R1 

1:4 


0 

++++ 

0 

Pn 

1:4 

0 

0 

++++ 

0 

Ja 

1:4 


0 

++++ 

0 

Rd 

1:4 

+ 

0 

++++ 

0 

Ir 

1:4 

+ 

0 

++++ 

0 

Normal human 






Rn 

1:4 

0 

0 

0 

0 

Hn 

1:4 

0 

0 

0 

0 

Er 

1:4 

0 

0 

0 

0 

Dn 

1:4 

0 

0 

0 

0 

Immune monkey 

1:4 

++++ 

z 

++++ 

0 

Immune monkey 

1:4 

++++ 

Z 

++++ 

0 

Normal monkey 

1:4 

0 

Z 

0 

0 


X = not done. 


same human sera gave strong reactions with antigen from parasitized 
blood, and immune monkey sera gave equally strong reactions with 
both serum antigen and parasite antigen. 

Tests for Cross Reactions with Soluble Antigens from Filterable Viruses 

Soluble antigens have been described for the viruses of yellow fever 
(6), vaccinia (7), myxomatosis (8), and influenza (9). Complement- 
ing and precipitating antigens are found in the serum during yeUow 
fever infection of monkeys and myxomatosis of rabbits. Although at 
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first sight it would seem improbable that there are immunological 
relationships between filterable viruses and malarial parasites, tests 
for cross reactions were considered desirable because some of these 
antigens are, perhaps, products of tissue destruction rather than 
specific components of the virus (6). Sera from monkeys d 3 nng of 
yellow fever and from rabbits dying of myxomatosis were tested for 
complement fixation with antimalarial monkey sera. Antigens from 
influenza virus (mouse lung suspension) and lymphocytic chorio- 
meningitis (guinea pig spleen) were also tested for reaction with 
antimalarial sera. Immune sera against yellow fever, myxomatosis, 
lymphocytic choriomeningitis, and influenza were tested for cross 
reactions with malarial antigens prepared from serum and from 
parasitized blood. In all cases the results were negative.^ All of 
these immune sera gave complement fixation with the corresponding 
specific antigens. 

Attempt to Detect Soluble Malarial Antigen in the Urine 
of Infected Monkeys 

Urine was collected from four monkeys dying of P. knoivlesi infec- 
tion, One of these animals had a severe hematuria, the urine being 
dark reddish brown, and two had milder hematuria. These urines 
together with specimens from normal monkeys were tested for com- 
plement fixation with immune serum. The results were completely 
negative with amounts of 0.1 cc. of undiluted urine. This negative 
finding indicates that the malarial antigen does not pass the renal 
glomeruli. 

Production of Complement-Fixing Antibodies by the Injection of the 
Soluble Malarial Antigen into Monkeys 

Citrated serum antigen prepared as described in the section on materials and 
methods was injected intravenously in amounts of 5 cc. into four normal monkeys. 
Injections were given on 3 successive days; after an interv’al of 7 to 10 days three 
more injections were given on successive days. After this, single injections were 


^ Several of the monkeys in the malaria animal room became infected with 
lymphocytic choriomeningitis in Februar>', 1938. The virus was isolated by 
Dr. T. F. Francis from animals dying of the disease. The sera of some of the 
survivors fixed complement with choriomeningitis antigen. 
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given at intervals of 2 to 3 weeks. The total amounts of serum antigen injected 
into each of the monkeys were 45, 48, 60, and 70 cc., respectively. During the 
course of the injections animals were bled at intervals of 1 to 2 weeks and the 
sera tested for complement fixation with serum antigen and with an antigen 
prepared from red blood cells parasitized with P. knowlesi. 

■ The complement fixation was stronger when the test was done with 
the antigen prepared from blood than it was with the serum antigen. 
During the course of immuniz ation two of the monkeys showed 
maximum complement fiixation titers of 1:8 when their sera were 
tested against the parasitized blood antigen. One monkey showed a 
maximmn titer of 1:16, and the fourth animal a titer of 1:32. These 
titers are comparable to those of the sera of monkeys with chronic 
malaria. None of the four animals developed agglutinating anti- 
bodies. 

The spacing of the injections and the resulting antibody response of 
one of the monkeys are illustrated in Fig. 2. The antibody titers were 
determined by complement fixation with an antigen prepared from 
parasitized blood. 1 week after the first series of three injections 
there was a slight rise in the titer of antibodies. A specimen of serum 
taken 1 day after the second series of three injections showed a “nega- 
tive phase” or decrease in titer. This was followed by a marked rise 
in the titer of antibodies which reached a maximinn after 3 weeks. 
The titer was maintained near 1:32 by single injections given at 
intervals of 2 weeks. 

The effect of injecting serum antigen intravenously into monke3's 
with chronic P. knowlesi infection is shown in Fig. 3. Blood smears 
were made daily from these animals and were examined for parasites. 
Monkey E showed no parasites during the course of the study. The 
serum of this animal showed a falling complement fixation titer before 
the injection of serum antigen on Apr. 5. 1 day after the series of 
three injections there was a definite negative phase, and this was 
followed b}’’ a sharp rise in the titer of complement-fixing antibodies. 
2 weeks later the titer had fallen to a level near that which preceded 
the injection of antigen. Monkey D had parasitic relapses on Mar. 4 
and 5 and on Mar. 27 and 28. As has been reported for other experi- 
ments in a prerious paper (1), relapses are followed by a rise in the 
titer of complement-fixing antibodies. IMonkey D received serum 
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could not be attributed to the injection of antigen. However, no 
relapses preceded or followed the second series of injections of serum 
antigen. The resulting rise in titer of complement-fixing antibodies 
was similar to that produced by a relapse. 

Tests for Immunity to Infection 

The four normal monkeys which had been injected with soluble malarial 
antigen were inoculated intraperitoneally with 10,000 living P. knowlesi 1 week 
after a series of injections lasting 6 weeks to 2 months. All four a n i ma ls became 
infected after an incubation time whidi was not appreciably longer than that 
observed with normal monkeys. One of the animals died with a low parasite 
count during the early stages of infection and, at autopsy, showed extensive 
tuberculosis. Two monkeys died with heavily parasitized blood 12 days after 
inoculation, and the course of the disease in these animals did not differ from 
that in normal monkeys. The fourth animal, whose serum had a relatively high 
complement fixation titer of 1 :32, developed a very heavy infection but recovered 
and has remained well for 6 months. 

The significance of these results will be considered in the Discus- 
sion. 


Stability of Serum Antigen 

When serum containing the soluble malarial antigen is allowed to 
stand in the refrigerator, the titer of the antigen gradually falls off 
over a period of several months. The antigen prepared from parasi- 
tized blood also shows a similar lack of stability in a saline solution. 
Neither antigen is destroyed by heating to 56°C., but a temperature 
of 70°C. inactivates them. The serum antigen is lost as a result of 
repeated chemical manipulation. Acids and alkalies destroy both 
serum antigen and the antigen obtained from parasites. Both may be 
precipitated by 0.66 saturated ammonium sulfate without appreciable 
alteration. 

Fractionation of Scrum Containing the Soluble Malarial Antigen 

The serum used in these experiments was obtained from citrated 
blood by centrifuging down the red cells and defibrinating with cal- 
cium chloride solution as described in the section on materials anc 
methods. 

Preliimnary experiments showed that part of the antigen was carrier 
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down in the globulin fraction precipitated by half-saturated ammo- 
nium sulfate, and part remained in the albumin fraction constituting 
the supernatant. Antigen was precipitated from the globulin fraction 
by carbon dioxide, but no antigen was precipitated from the albumin 
fraction by similar treatment with carbon dioxide. Attempts to frac- 
tionate the serum antigen by acid precipitation were unsuccessful, tlie 
antigen being lost when the pH was brought below 5.5. The studies 
were, therefore, confined to fractionation by dialysis, ammonium 
sulfate, and carbon dioxide. During dialysis and fractionation with 
ammonium sulfate the pH was maintained at all times as near 7.0 as 
possible. 

Experiment 1. — Defibrinated serum giving complement fixation at 1:64 was 
dialyzed overnight in a cellophane bag. Carbon dioxide was then passed through 
the dialyzed preparation until no furtlier precipitation occurred. The precipi- 
tated globulins were dissolved in saline. This was designated fraction lo. To 
the supernatant from fraction la solid ammonium sulfate was added to produce 
a 0.66 saturated solution. Practically all of the antigen was contained in this 
precipitate. No antigen could be detected in the supernatant after dialysis. 
This was discarded. The precipitate produced by 0.66 saturated ammonium 
sulfate was dissolved in water, the resulting solution dial}'zed, and a furtlier 
portion of the globulins precipitated by carbon dioxide. The rcdissolvcd precipi- 
tate was designated fraction 2a. The supernatant from fraction 2a was tlien 
fractionated with ammonium sulfate by collecting tlie precipitates produced 
successively at 0.33, 0.40, 0.52, and 0.63 of saturation, dissolving in water, and 
dialyzing the resulting solutions of protein. These fractions were designated 
3c, 4a, 5a, and 6o, respectively. In all of these fractionation e.\perimcnts the 
precipitates were redissolved so as to make a volume of solution approximately 
half that of tlie solution from whidi the precipitate ivas obtained. 

The six fractions just described were tested for complement fixation with the 
immune monkey serum tliat was used in detection of the malarial antigen in tlic 
whole serum. The results are presented in Table III. The first globulin fraction 
(la), precipitated by dialysis and carbon dioxide, was very anticomplcmentary. 
The second globulin fraction (2a), precipitated by carbon dioxide, and the fraction 
(3o), precipitated by 0.33 saturated ammonium sulfate but not precipitated by 
carbon dioxide, both contained considerable amounts of antigen. Tlie fractions 
(4a and 5a), precipitated at 0.40 and 0.52 saturated ammonium sulfate, contained 
practically no antigen, while the albumin fraction (6a) contained the remainder 
of the antigen in higher concentration than any of the other fractions. 

Experiment 2 . — The serum giidng complement fixation at 1:64 was dialyzed 
in a cellophane bag as in E.xperiment 1, but the resulting precipitate of globulin 
was collected without treatment with carbon dioxide. The globulin precipitate 
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dissolved in saline was designated fraction 16. The supernatant from fraction 16 
was then fractionated with ammonium sulfate, the predpitates being collected 
successively from 0.44, 0.54, and 0.66 saturated solution. The last predpitate 
of albumin was dissolved in water, dialyzed, and tested for complement-fixing 
antigen without further treatment. This was designated fraction 106. The 
fractions precipitated at 0.44 and 0.54 saturated ammonium sulfate were dialyzed 
separately. Each formed, upon dialysis, a predpitate of globulins, and as these 
predpitates were found to contain much anticomplementary material, they were 


TABLE m 


Fractimalion of Monkey Serum Containing Soluble Malarial Antigen 


1 

Method of prcdpitalion 

Highest dilu- 
tion giving 
fixation of 
complement 

with immune 

semm 

Highest dilu- 
tion which 
was anti- 
complemen- 
tary 

la 

Dialysis and COj 

1:64 

1:64 

2a 

0.66 saturated ammonium sulfate and COi 

1:32 

0 

3a 

0.33 saturated ammonium sulfate 

1:16 

0 

4a 

0.40 saturated ammonium sulfate 

0 

0 

5a 

0.S2 saturated ammonium sulfate 

Trace un- 
diluted 

0 

6a 

0.66 saturated ammonium sulfate 

1:64 

0 

15 

Dialysis whole serum 

1:64 

1:32 

25 

COs, 0.33 saturated ammonium sulfate, dialysis 

1:64 

1:8 

35 

COi and 0.33 saturated ammonium sulfate 

1:8 

1:8 

45 

COs and 0.50 saturated ammonium sulfate 

1:32 

1:16 

55 

COs and 0 .66 saturated ammonium sulfate 

1:8 

0 

65 

0.44, then 0.33 saturated ammonium sulfate 

1:32 

1:8 

75 

0.54, then 0.45 saturated ammonium sulfate 

1:4 

0 

85 

0.54 saturated ammonium sulfate twice 

1:4 

0 

95 

0.54, then 0.66 saturated ammonium sulfate 

1:32 

0 

105 

0.66 saturated ammonium sulfate 

1:32 

0 


For a detailed description of the preparation of the various fractions, see text. 
0 = no fixation of complement or no anticomplementary effect. 


discarded. Carbon dioxide was then passed through the two dialyzed solutions 
of proteins (precipitated at 0.44 and 0.54 saturated ammonium sulfate); the two 
rcdissolvcd carbon dioxide predpitates were combined; and the two supernatants 
were combined. 

The carbon dioxide predpitates were refractionated with ammonium sulfate 
at 0.33, 0.50, and 0.66 of saturation. After being dissolved each of the three 
fractions was dialyzed. The fraction predpitated at 0.33 saturated ammonium 
sulfate formed, upon dialysis, a globulin predpitate which was designated frac- 
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tion 2h. The supernatant from fraction 2h was designated fraction 36. The other 
two ammonium sulfate fractions of the carbon dioxide predpitates were desig- 
nated 46 and 56, respectively. 

The supernatants remaining after the precipitation with carbon dioxide were 
also refractionated. Four fractions were successively precipitated witli 0.33, 
0.45, 0.54, and 0.66 saturated ammonium sulfate, redissolved, and diatyzed to 
remove ammonium sulfate. These fractions were designated 66, 76, 86, and 96, 
respectively. 

The results of complement fixation tests with the ten fractions just 
described are presented in Table III. As in the previous experiment 
the globulin precipitate (lb) obtained by dialysis of the whole serum 
was anticomplementary; the albumin fraction (106) contained mucli 
of the antigen. Upon refractionation of those portions of tlie serum 
precipitated by 0.44 to 0.54 saturated ammonium sulfate and carbon 
dioxide, a distribution of antigen between the first globulin fraction 
(26) and the last fraction (56) was obtained, while tlie intermediate 
fractions 36 and 46 contained little or no antigen. A similar result 
was obtained by refractionating the serum protein that was precipi- 
tated by 0.44 to 0.54 saturated ammonium sulfate but not precipitated 
by carbon dioxide. Antigen was present in the globulin fraction 66 
and the albumin fraction 96, but relatively little antigen was found in 
the fractions precipitated by 0.44 and 0.54 ammonium sulfate (76 
and 86). 

Since antigen precipitable only by 0.66 saturated ammonium sulfate 
was obtained by refractionation of the globulin precipitates, the 
results suggest that the antigen found at first in the globulin fraction 
was merely adsorbed to the protein precipitated by carbon dioxide, 
or 0.33 saturated ammonium sulfate. However, since a complete 
separation of antigen from certain of the globulins was not accom- 
plished by refractionation, we cannot exclude the possibility that there 
is a second antigen having the properties of a globulin which is distinct 
from the one found in the albumin fraction. 

Experiments mth High Speed Centrifugation 

It was considered possible that the antigen found in the globulin 
fraction might represent a colloidal suspension of cellular fragments 
which were carried down mechanically in the first globulin prccipi- 
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tates. In order to test this possibility the following experiment was 
performed. 

Two samples (A and B) of globulins precipitated by carbon dioxide and con- 
taining soluble malarial antigen were dialyzed, and the resulting opalescent sus- 
pensions were centrifuged at 11,000 R.p.m. for 2 hours. Some protein was thrown 
down, but all of the antigen remained in the supernatants which were almost 
entirely dear. The supernatants were then centrifuged at 27,300 r.p.m. for 3 
hours in celluloid tubes, each of which contained 6 cc. The vacuum type air- 
driven centrifuge described by Bauer and Pickets (4) was used. The contents 
of the tubes were then divided into three levels for preparation A and six levels 


TABLE TV 


Sedimmlalion of Soluble Malarial Antigeji-hy 'High Speed Centrijugalion 
of the Globulin Fraction of Monkey Serum 


Preparation tested 


Original, sample A 

Upper 2 cc. sample A, centrifuged 

Middle 2 cc. “ “ 

Lower 2 cc. and sediment of sample A, centrifuged 
Original sample B 

1st cc. (top) of sample B, centrifuged 
2nd cc. of sample B, centrifuged 
3rd cc. “ “ “ “ 

4th cc. “ " “ 

Sth cc. " “ “ “ 

6th cc. “ " “ “ 

Sediment of “ “ “ 


Hipest dilution 
giving fixation of 
complement with 
imrmme scnim 

Highest dilution 
which was anti* 
complementaiy 

1:16 

1:4 

1:4 

0 

1:8 

0 

1:32 

1:8 

1:16 

1:8 

Trace 

0 

1:4 

0 

1:6 

0 

1:6 

0 

1:6 

0 

1:16 

1:8 

1:32 

1:16 


and sediment for preparation B, using a sampler according to the method of 
Hughes, Pickels, and Horsfall (10). The centrifuged fractions were then tested 
for protein, anticomplementary material, and complement-fixing antigen. 

The results are presented in Table TV. Most of the anticomple- 
mentary material was thrown down by the high speed centrifugation, 
and the lower third of the liquid and the sediment contained two or 
three times as much protein as the upper two-thirds A considerable 
proportion of the antigen remained in the supernatant, and the titer 
was not reduced much below that of the original material when allow- 
ance was made for the anticomplementary properties of the latter. 
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There was no striking concentration of antigen in the lower levels of 
the tubes and the sediment, but these portions were more anticom- 
plementary than the original material. 

DISCUSSION 

The soluble malarial antigen, which is found in considerable quan- 
tity in the serum of monkeys during acute infection with Flasmodium 
hiowlesi, apparently is concerned, at least in part, in the production 
of specific complement-fixing antibodies. These antibodies reach a 
high titer 1 to 2 weeks after the peak of the parasite count. The 
appearance of complement-fixing antibodies in the serum is accompa- 
nied by disappearance of the soluble antigen. The changes in com- 
plement fixation titer which occur during acute and chronic P. knowJcsi 
infection may be reproduced by intravenous injection into monkeys of 
parasite-free serum containing the malarial antigen. 

Immunization of normal monkeys with the soluble malarial antigen 
does not give rise to protective antibodies, agglutinating antibodies, or 
to an efficient active immunity. One of the four rhesus monkeys 
immunized in this way survived after a severe infection, but this 
result is not considered significant. Rhesus monkeys have occa- 
sionally survived without treatment after acute infection with P. 
hiowlesi. Observations on several hundred monkeys indicate tliat 
the mortality of the untreated infection is over 95 per cent. In 
chronic P. hiowlesi infection the production of agglutinating and pro- 
tective antibodies seems to be a slower process than the production of 
complement-fixing antibodies, and the antigens concerned arc appar- 
ently distinct from the complement-fi.xing antigen. 

The first results of chemical fractionation of serum containing mala- 
rial antigen suggested that two antigens may be present. One of these 
was precipitated with the albumin fraction. The second was found in 
a portion of the globulin fraction. The anticomplementar)’- properties 
of these globulin fractions and the instability of the antigen make it 
difficult to characterize the substance accurately. Rcfractionation 
experiments indicate that at least a part of the antigen found in the 
globulin fraction was adsorbed to the precipitates. Tlic antigen 
found in the serum is both chemically and serologically similar to an 
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antigen extracted from the parasitized red cells. However, the fact 
that sera from certain rhesus monkeys and from human beings in- 
fected with P. knowlesi g^ve weak or negative reactions with the serum 
antigen and strong reactions with comparable dilutions of the antigen 
prepared from parasitized red cells indicates that an additional com- 
plement-fixing antigen is present in the parasitized cells. 

In its chemical properties the malarial antigen found in the serum 
of monkeys infected with P. knowlesi resembles the antigen found by 
Hughes (6) in the serum of monkeys dying of yellow fever. The two 
antigens do not, however, exhibit any serological cross reactions. On 
the basis of the present evidence, it is impossible to decide whether the 
malarial antigen concerned in complement fixation is a product of 
destruction of red cells or a component of the parasite. The fact that 
the antigen does not produce active immunity to malarial infection 
is not to be considered evidence of its origin from the red cells rather 
than the parasites. Certain bacterial antigens, such as the H antigen 
of the typhoid bacillus, may play an important part in serological 
reaction but have little to do with protection against infection. 

SUMMARY 

A soluble malarial antigen which fixes complement with immune 
sermn is found in the serum of monkeys infected with Plasmodium 
knowlesi. 

The amoimt of antigen in the serum is related to the parasite coimt 
during the acute phase of the infection. The antigen is not excreted 
in the urine. 

Intravenous injection into normal monkeys of serum containing 
the antigen stimulates the production of specific complement-fixing 
antibodies which react with antigens extracted from parasitized cells, 
as well as with the antigen present in serum obtained during the 
acute phase of infection. 

^ Monkeys immunized with serum antigen apparently possess very 
little or no immunity to infection. 

The soluble malarial antigen is labile to acids and alkalies, is not 
destroyed by a temperature of 56°C., and is precipitated, for the most 
part, in the albumin fraction of the serum by ammonimn sulfate. 
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EFFECT OF PREGNANCY UPON THE IMMUNITY OF MICE 
VACCINATED AGAINST ST. LOUIS ENCEPHALITIS 
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Swiss mice are uniformly susceptible to intranasal or intracerebral 
injection of St. Louis encepbalitis virus. However, when the virus 
is injected subcutaneously it enters the general circulation but does 
not multiply in the brain. It produces no lesions in the nerve cells 
and causes no symptoms of encephalitis. However, such subcu- 
taneous injection produces a strong immunity against subsequent 
intracerebral injection of the virus (1, 2). 

The mechanism by which vaccination renders the brain cells im- 
mune is not known. During the course of investigations designed to 
study this matter, the question of the influence of pregnancy upon 
acquired immunity arose. Experiments were planned to determine 
whether pregnancy affected in any way the immunity induced by 
vaccination with the St, Louis virus. 

Materials and Methods 

Mice . — ^All mice employed were of the selected Swiss strain. They are uni- 
formly susceptible to St. Louis encephalitis virus inoculated intracerebrally or 
intranasally. In all experiments the mated females and their virgin controls were 
of the same age. 

PtrKx.— The vims used throughout was St. Louis encephalitis virus, strain 3. 
Vims suspensions were prepared in the following manner: The brain of a mouse 
prostrate with encephalitis was removed under sterile conditions and ground in a 
mortar. The emulsion of brain tissue was then diluted with ten times its weight 
of hormone broth of pH 8.0. After thorough mixing the suspension was centri- 
fuged at 1,000 R.p,sr. for 5 minutes and the supernatant made up in serial tenfold 
dilutions in broth. 

1 acdiiaiioti. ^The mice were vaccinated with one subcutaneous injection of 
0.5 cc. of a 1:1,000 dilution of vims in broth. On each occasion that the vims 
was used for vaccination it was titrated by intracerebral injection into -virgin fe- 
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male Swiss mice. These titrations showed that the amount of virus used for vacci- 
nation was approximately 15,000 times the minimal lethal intracerebral dose. The 
subcutaneous injection of this quantity of virus never caused encephalitis. 

Immunity Tests. — The immunity of the vaccinated mice was tested by intra- 
cerebral inoculation of the virus. All mice inoculated were under light ether 
anesthesia; each received 0.03 cc. of the virus appropriately diluted in broth. 
The immunity tests were carried out 2 weeks after vaccination in all experiments 
except Experiment 7. On each occasion that the virus was used to test immunity, 
it was titrated by intracerebral injection into unvaccinated virgin mice. These 
titrations showed that each vaccinated mouse tested for immunity received 
approximately SOO intracerebral m.l.d. of virus. 

Mating. — Virgin females 2^ to 3 months old were chosen for mating. One 
male was mated to 5 females. As the females became pregnant, they were re- 
moved from the mating box to a separate jar. The date of deliverj" of the litter 
was recorded in each instance. Unless otherwise noted each litter was kept with 
its mother throughout the experiment. 

Unmatcd Controls. — In each experiment a number of females were set aside 
as virgin controls. These animals were litter mates of those chosen for mating. 

Dcterminaiion of Pregnancy. — ^In most instances the pregnant mice delivered 
litters before the end of the e.vperiment. The usual period of gestation of these 
mice was about 19 days. Mice failing to deliver litters 6 weeks after removal 
from the mating box were considered as non-pregnant. In one experiment some 
of the mated mice died a few days before the end of gestation. In these cases tlie 
presence of pregnancy was established by autopsy. 

Autopsy Findings. — Practically all of the mice dying following intracerebral 
resistance tests developed typical symptoms of encephalitis. In the few doubtful 
cases the cause of death was proved to be encephalitis by histologic examination 
and by intracerebral inoculation of the suspected brains into mice. 

EXPERIMENTAL 

Snsccpiibility of Uiivaccinaicd Virgin and Pregnant Mice to St. Louis 

Encephalilis Virus 

Virgin mice are very susceptible to intranasally or intracercbrally 
inoculated St. Louis virus (1, 2). Numerous titrations of the virus 
in virgin Swiss mice 1 to 3 months old have shown that intracerebral 
inoculation of 0.03 cc. of a 1:1,000,000 dilution of virus is practically 
always fatal. The same quantity of a 1:10,000,000 dilution of virus 
kills about two-thirds of the mice injected. Table I show’s that un- 
vaccinated pregnant females exhibit the same degree of susceptibility 
to the virus as do unvaccinated virgin mice. It appears that the 
intracerebral minimal lethal dose of St. Louis virus is the same for 
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tli6 unv 3 .cciiia.ted. pregnant female as it is for the unvaccinated virgin 
female Swiss mouse. 

hnmuniiy Induced in Virgin Mice by Vaccination with St. Louis Virus 

It has already been reported that within one week following vac- 
cination the great majority of virgin Swiss mice become immune to 


TABLE I 


Susceptibility of Unvaccinaled Pregttant and Unvaccinated Virgin Mice to St. Louis 

Encephalitis Virus 


^lice 


BHolioti of vims injected intraccrebrally 
(0.03 cc. of vims to each mouse) 



10-5 

I0-« 

10-7 

10-3 

Unvaccinated virgin 

4/4* 

• 4/4 

3/4 


Unvaccinaled pregnantf 

3/3 

3/3 

2/3 



*4/4 ='4 of 4 injected mice died of encephalitis, 
t These mice delivered litters 1 to 3 days after inoculation of the virus. 


TABLE n 


Immunity of Unmated Mice Induced by Vaccination with St. Louis Virus 


Mice 

Dilution of vims injected intraccrebrally 
(0.03 cc. of \*iras to each mouse) 

Immunity induced by 
vaccination 


10-7 

10-3 

10-< 

10-5 

lO-fl 

' 10-7 

Vaccinated virgin 

1/7* 

0/8 

1/8 


— 

— 

10, (XX) intracerebral 

Unvaccinated virgin 
(controls) 

- 

- 

4/4 

8/8 

8/8 

2/8 



* 1/7 = 1 of 7 mice injected died of encephalitis. 
— = dilution not tested. 


10,000 or more intracerebral minimal lethal doses of St. Louis en- 
cephalitis virus (1, 2). The immimity remains at this high level 
about 6 weeks, after which it begins to decline. Table II shows the 
degree of immunity exhibited by virgin female mice when tested 2 
weeks after vaccination. 

Influence of Pregnancy upon Immunity Induced by Vaccination 

It appears from the data already presented that pregnancy does not 
render unvaccinated Swiss mice either more or less susceptible to the 
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St, Louis virus than are unvaccinated virgin mice. The experiments 
described below were planned to determine whether pregnant mice 
become immune follo^ving vaccination with the virus in the same man- 
ner as virgin mice. 

Y accination Late in Pregnancy . — 

Experiment 1 . — ^In this experiment the immunity induced by vac- 
cination of mice during the last few days of pregnancy was compared 
with the immunity which follows vaccination of their unmated litter 
mates. 

Twenty-eight female Swiss mice, 2^ months old, were divided into two groups, 
each consisting of 14 animals. Litter mates were equally distributed between the 
two groups. One group was mated with males of the same strain, while the other 
was set aside as unmated controls. AU the mated females became pregnant and 
were not disturbed until 1 to 4 days before the end of the 19th day of the gesta- 
tion period. At this time they were vaccinated subcutaneously with 0.5 cc. of a 
1 : 1,000 dilution of St. Louis encephalitis virus. That is, the pregnant mice were 
vaccinated 15 to 19 days after conception. By titration of the virus used for vac- 
cination it was estimated that the vaccinating dose employed was about 15,000 
intracerebral m.l.d. Vaccination did not seem to interfere with the normal 
course of pregnancy; all the pregnant mice delivered normal litters 1 to 3 days 
after vaccination. The unmated mice were vaccinated at the same time as the 
pregnant animals, and with the same dose of virus. 2 weeks after vaccination 
the immunity of both parturient and unmated mice was tested by intracerebral 
inoculation of about 500 m.l.d. of St. Louis encephalitis virus. 

A summary of this experiment is recorded in Table III. The mice 
vaccinated late in pregnancy failed to develop sufficient immunity to 
enable them to withstand 500 m.l.d. of the virus. 13 of 14 of them 
died of encephalitis following the test inoculation of virus, a mortality 
rate of 93 per cent. In contrast, only 1 of the 14 vaccinated unmated 
mice died after the intracerebral administration of the virus, a mor- 
tality rate of 7 per cent. Calculation of the standard error (3) in- 
dicates that this difference in mortality is probably not an accidental 
one. The result obtained might be expected to occur by chance mudi 
less frequently than one time in 100 (P = < 0.01). 

When the offspring of the parturient vaccinated females became 10 
to 13 da3'S old, their immunity against intranasal instillation of St. 
Louis virus was tested. 92 of 98 of the infant mice inoculated with 
100 intranasal m.l.d. of virus died of encephalitis. 
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Experiment 1 o— This experiment was carried out in exactly the same manner 
as Experiment 1. The result was practically identical. 12 of 13 truce vaccinated 
1 to 4 days before the end of pregnancy died of encephalitis after the intracerebral 
immunity test, a mortahty rate of 92 per cent. 

As before, the great majority of the vaccinated unmated mice were 
immune; only 2 of 15 (13 per cent) failed to withstand the test dose of 
virus. Again P = < 0.01. 


TABLE m 


Eject of Pregnancy upon Immunity When Vaccinating Dose Is Administered near 

End of Pregnancy 


Immunity of pregnant mice* 

following vaccination 

Immunity of unmated mice following 
vaccmation 


Time of 







Vaccinated 

vaccmation 

Fate after intracerebral test for 

Vaccinated 

Fate after intracerebral test for 

preniant 



Immunity 

unmated 


immunity 

mouse No. 

Day of 


[500 of wus) 

mouse No. 

(500 H.L.D. of virus) 


pregnancy 







1 

!!■ 

Died of encephalitis 

1 

Remained well 

2 


« 

44 

44 

2 

‘ 44 

44 

3 

17th 

U 

44 

44 

3 

44 

44 

4 

16th 

« 

44 

44 

4 

44 

44 

5 

18th 

« 

44 

44 

5 

44 

44 

6 

18th 

Remained well 

6 

44 

44 

7 

16th 

Died of encephalitis 

7 

44 

44 

8 

18th 

<( 

44 

44 

8 

44 

44 

9 

17th 

4t 

44 

44 


44 

44 

10 

16th 

« 

44 

44 

mm 

44 

44 

11 

16th 


44 

44 

mm 

44 

44 

12 

16th 

it 

44 

44 


Died of encephalitis 

13 

16th 

4f 

44 

44 

mm 

Remained well 

14 

16th 

44 

44 

44 

Hi 

CC 

44 


Mortality of vaccinated pregnant mice = 93 per cent (13/14); mortality of 
vaccinated unmated mice = 7 per cent (1/14). 

* Duration of pregnancy is 19 days in these nuce. 


The offspring of these vaccmated mothers also showed little evi- 
dence of immunity. Of the 80 young mice tested 75 died of ence- 
phalitis after receiving 100 intranasal m.l.d. of virus. 

Vaccination during Middle Third of Pregnancy . — 

The effect of vaccinating pregnant mice during the middle third of 
the gestation period was next studied as described in Experiment 2. 
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The result indicated that the immunity induced by vaccination of 
mice at this stage of pregnancy was also diminished. 

Experiment 2 . — This experiment was conducted in the same manner as those 
already described except that the pregnant mice were vaccinated earlier in the 
gestation period, that is, 7 to 11 days after the onset of their pregnancy'. 2 weeks 
after vaccination the immunity of the unmated and of the parturient mice was 
tested by intracerebral inoculation of approximately 500 m.l.d. of virus. 

Following this test dose of virus, 9 of IS vaccinated pregnant mice 
died of encephalitis, a mortality rate of 50 per cent. As before, tlie 
vaccinated unmated mice proved to be immune, onl}'^ 1 of 15 (7 per 
cent) died of encephalitis (P = < 0.01), 

Vaccinaiion Early in Pregnancy . — 

Experiment 3 . — In this experiment 22 mice were vaccinated during tlie first 4 
days of pregnancy. Their immunitj"^, together with that of vaccinated unmatcd 
controls, was tested 2 weeks after vaccination. 

The response to vaccination was found to be depressed even vcr}^ 
early in the gestation period. 11 of tlie 22 vaccinated pregnant mice 
(50 per cent) died of encephalitis after intracerebral inoculation of 
approximately 500 m.l.d. of virus as compared with only 1 of 14 
(7 per cent) of the vaccinated unmated mice {P ~ < 0.01). 

Vaccination during the Pucrpcriuni . — 

The experiments described above indicated that pregnancy in- 
hibits or depresses the immunity whicli is produced by vaccination. 
It seemed important to learn whether the power to acquire immunity 
against the virus was regained after the mice had delivered their 
young. Accordingly, the response to vaccination carried out at 
various intervals after the end of pregnancy was studied in Experi- 
ments 4, 5, and 6 described below. It was found that the degree of 
immunity e.xliibited by the vaccinated puerperal mice during tlie 
first 2 weeks after deliver)' of their young ivas less than that of vac- 
cinated virgin mice. However, mice vaccinated 7 weeks after the 
end of pregnancy appeared to witlistand the intracerebral inoculation 
of 500 M.L.D. of the virus as well as did vaccinated virgin mice. Ap- 
parently at this time the mice which have reared young have re- 
gained at least in part their ability to acquire immunity against the 
virus. Text-fig. 1 summarizes these results. 
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Vdccinoiion dufiiig the First 2 Days after the of Pregnancy. 

Experiment 4. — 13 Swiss mice were vaccinated against St. Louis virus within 
the first 48 hours after they had delivered litters. At the same time 12 \-irgm 
females were vaccinated. 2 weeks later the immunity of all the mice was tested 
in the usual way against intracerebrally inoculated St. Louis encephalitb virus. 

Seven of the 13 vaccinated puerperal mice (54 per cent) died of 
encephalitis while only 1 of the 12 vaccinated virgin mice (8 per cent) 
failed to survive the test virus (P = < 0.01). 

Vaccination during the 2nd Week after the End of Pregnancy. 

Experiment 5.— This experiment was performed in the same manner as Ex- 
periment 4, except that the mice which had home litters were vaccinated later in 
the puerperal period; that is, 8 to 12 days after delivery of their young. 

Seven of 15 (47 per cent) of the mice vaccinated during the puer- 
perium died of encephalitis following the intracerebral test inoculation 
of 500 M.L.D. of virus. None of 14 vaccinated unmated mice faded 
to survive the immunity test (P = < 0.01). 

Vaccination 7 Weeks after the End of Pregnancy . — 

Experiment 6 . — In this experiment the mice were vaccinated 7 weeks after 
they had delivered their litters; that is, 4 weeks after weaning of their yoimg. 

Twenty female Swiss mice were mated with 4 males, while 14 of their litter 
mates were kept as virgin controb. AU the mated females delivered litters 19 
to 23 days after mating. SO to 54 days after delivery the young were weaned and 
removed from their mothers and discarded. About 4 weeks later (more than 7 
weeks after delivery) the mice which had reared young and the virgin controls were 
vaccinated against St. Louis virus in the usual way. 2 weeks later the vaccinated 
mice were inoculated intracerebrally with about 500 ii.L.D. of St. Louis encephalitis 
virus. 

None of the 14 vaccinated virgin controls died of encephalitis and 
only 2 of the 20 vaccinated mothers (10 per cent). This difference is 
probably due to chance (P = 0.21). 

Effect of Pregnancy upon Immunity Established by Vaccination 
before Mating . — 

It seems clear from the data presented that mice vaccinated during 
pregnancy are in some manner prevented from developing strong 
immunity against the St. Louis virus. The effect of pregnancy’’ upon 
immunity already well established before the onset of gestation was 
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investigated in Experiment 7. The result of Experiment 7 (sum 
marized in Table IV) shows that pregnancy brings about a reductior 
of the immunity acquired before mating. 

Experiment 7 . — 46 female Swiss mice were vaccinated with St. Louis virus ir 
the manner previously described. 1 week later 11 of them were diosen at randoir 
and their immunity tested against approximately 500 intracerebral m.l.d. oI 
virus. All of tliese mice survived the immunity test and it was therefore assumed 
that the remaining 35 vaccinated mice were also immune. 1 week after vaccina- 
tion 19 of these latter animals were mated to 5 males of the same strain while 16 
were set aside as virgin controls. 16 days later (23 days after vaccination) the 


TABLE IV 

EJfect of Pregnancy on the Immunity Established by Vaccination before Mating 


Mice 

Time mated 

Time of intracere- 
bral immunity test 

Mortality following intra- 
cerebral immunity test 
(500 jt.n.D. of virus) 

Vaccinated virgin 

— 

1 wk. after vac- 
cination 

0/11* (0 per cent) 

Vaccinated virgin 

Vaccinated, then mated 


23 days after 
vaccination 

1 

2/16 (13 per cent) 

(pregnant) 

1 wk. after vac- 
cination 

23 days after 
vaccination 
(16 days after 
mating) 

12/18t (67 per cent) 


* 0/11 = none of 11 injected mice died of encephalitis, 
t Of the 6 survivors in the pregnant group, 3 had been pregnant only 1 or 2 
days when given the test virus. 


males were removed and the immunity of the mated and virgin vaccinated fe- 
males was tested by intracerebral inoculation of approximately 500 if.L.n. of 
virus. Of the 19 mated mice, 18 either delivered litters before the end of the 
e.xperiment or were found by autopsy to be within 3 or 4 days of term when deatli 
from encephalitis occurred. 

Following the inoculation of the test virus, 12 of the IS pregnant 
mice (67 per cent) died of encephalitis as contrasted with only 2 of 
16 (13 per cent) of the vaccinated unmated animals (P ~ < 0.01). 
It is of interest to note that of the 6 vaccinated pregnant mice which 
sur\dved 3 had been pregnant only 1 or 2 days and 2 only 10 clay.s 
when the immunity test was done. All the vaccinated pregnant mice 
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svMch died of encephalitis had been pregnant 14 to 16 days when they 
received the test virus, 

DISCUSSION 

There are certain indications in the literature that various phys- 
iologic factors may influence the reaction of animals to virus infections. 
For example, it seems clear that the age of the animal may be im- 
portant in this regard. It has been shown by Sabin (4) that old mice ' 
are immune to exceedingly large doses of vesicular stomatitis virus 
injected into the leg muscles, -while young mice develop a fatal en- 


g Tercent 



of vaccinttion 

Text-Fig. 1. Effect of pregnancj- upon immunity produced by -vaccination 
against St. Louis encephalitis virus. 

cephalomyelitis. Sabin stated that in young mice the virus mul- 
tiplies at the site of inoculation and invades the sciatic nerve and 
spinal cord, while in old mice this invasion of the central nervous 
system does not take place. 

It has been reported by Sprunt (5) that pregnancy alters the reac- 
tion of the tissues of the rabbit to the -virus of infectious myxomatosis. 
Sprunt reported that following mtradermal moculation of this -virus 
more e.xtensive lesions occur in the spleens of pregnant animals than 
in unmated ones, and that secondary lesions are found uniformly in 
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the lungs of pregnant animals, while only an occasional lesion is found 
in the lungs of non-pregnant rabbits. On the other hand the skin of 
the pregnant animals seems to be less affected by tlie virus than is the 
case in the non-pregnant rabbits. 

The experiments described in the present communication show tliat 
pregnancy does not increase the susceptibility of mice to tlic St. 
Louis encephalitis virus, but pregnane}’’ does very definitely diminish 
the response to vaccination with the virus. This depression of tlie 
ability to acquire immunity is most marked late in pregnancy, but it 
is also demonstrable very early in pregnancy as well as during the 
first 2 weeks postpartum. However, the immunit}’’ response is not 
permanently reduced by pregnancy. When mice are vaccinated 7 
weeks after the end of pregnancy, it is found that their ability to 
acquire immunity has been regained, at least in part. 

It is of interest to note that the offspring of the mice vaccinated 
during the course of pregnancy are not immune to the virus. Very 
few of these young mice were able to withstand the administration of 
100 intranasal m.l.d. of the virus. 

It should be emphasized that pregnancy not only inhibits the 
development of immunity but that it also adversely affects an already 
well established immunity. This w’ould suggest that pregnancy ex- 
erts its influence not by altering the virus injected as the vaccinating 
agent but rather that it affects in some manner the tissues which arc 
made immune by vaccination. By what mechanism the state of 
pregnancy brings about this alteration is not known. Pregnancy is 
accompanied by ver}’’ profound physiologic changes in the animal. 
It seems likely that one or more of these metabolic changes arc re- 
sponsible, although it is impossible at the present time to say which 
are involved. Experiments designed to study some of these factors, 
such as the hormones which exert a great influence on the course of 
pregnancy, arc being undertaken. 

SUMMARY 

1. Virgin and pregnant Swiss mice are equally susceptible to in- 
tracerebral inoculation of St. Louis encephalitis virus. 

2. Following subcutaneous vaccination with the St. Louis virus, 
the great majority of \'irgin Swiss mice become immune to subsequent 
intracerebral injection of 10,000 m.l.d. of the virus. 
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3. The majority of mice vaccinated during pregnancy do not be- 
come immime to even as little as 500 intracerebral m.l.d. of the virus. 
The depression of the ability to acquire immunity against the virus 
is most marked when the vaccination is carried out late in preg- 
nancy, but it is also demonstrable when the mice are vaccinated early 
in the gestation period and during the first 2 weeks postpartum. At 
7 weeks postpartum the response to vaccination is more nearly like 
that of virgin mice. 

4. Pregnancy not only interferes with the development of acquired 
immimity but it also diminishes a previously established immunity. 

5. Offspring of the mice vaccinated during pregnancy are not im- 
mime to 100 m:.l.d. of virus. 
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THE EFFECTS OF ANAPHYLAXIS, AND OF HISTAMINE, 
UPON THE CORONARY ARTERIES IN THE 
ISOLATED HEART 
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(Received for publication, December 29, 1938) 

In a previous communication (15), certain manifestations of ana- 
phylaxis in the isolated perfused heart of the guinea pig were described. 
These were: (a) transient increase in the rate and amplitude of con- 
traction, (6) delay in auriculoventricular conduction and changes in 
the form of the ventricular complexes of the electrocardiogram, and 
(c) frequent development of ectopic arrhythmias. In addition to these 
effects, some of which had already been recorded by the electrocardio- 
graph in the intact animal, an additional effect was reported : a striking 
reduction in the rate of flow through the coronary vessels.^ The simi- 
larity of this reaction to the effect of histamine upon the same prepara- 
tion was emphasized. 

In view of certain differences among various species in the reaction 
of the coronary arteries to histamine, the authors have proceeded to a 
study of the anaphylactic reaction in the isolated hearts of cats, in 
which histamine regiflarly brings about coronary dilatation (8, 2). 

Methods 

Sensitization to horse serum was accomplished by the intraperitoneal or sub- 
cutaneous injection of three doses of 1 cc. each at intervals of 5 to 7 days. Of 14 
cats so treated five were tested, from 4 to 10 weeks after the last sensitizing dose, 
by the intravascular injection of 2 cc. of serum. In one ani'nial no reaction 
occurred. The remaining four sur\'ived prompt reactions characterized by rapid 
breathing, retching, vomiting and defecation, followed by prostration. 


Jacques Loeb Fellow in Medicine, Johns Hopkins University. 

* Similar reults have been obseiv-ed in a small number of experiments with the 
hearts of sensitized rabbits. 
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At the time of experiment the sensitized animals and the normal controls were 
killed instantly by a blow on the head and then tlieir hearts were isolated 
and perfused with Ringer-Locke solution at 35°C. and a pressure of 75 mm. Hg, 
and the outflow from the coronary arteries collected and measured, according to 
the method previously described (15). The antigen, diluted to 1 cc. witli warm 
Ringer-Locke’s solution, was injected through tlie wmll of the rubber tubing 
immediately above the cannula into the stream of the perfusing fluid. 

The Results in Normal and Sensitized Animals 

The exposure of the isolated heart of the normal cat to horse serum 
in the way described is not entirely without effect. Witliin 10 to 15 
seconds after the injection the coronary flow suddenly diminishes, 
returning to its previous rate within 30 seconds. This reaction differs 
from the true anaphylactic response in at least two important particu- 
lars: (a) it is common to normal, sensitized and desensitized hearts 
alike, and {b) it fails to decrease, but rather tends to increase, in in- 
tensit)’' with successive injections.- The duration of the effect 
corresponds more or less closely with the time required for the serum- 
containing fluid to pass through the heart. A series of 15 tests on four 
normal hearts produced no other discernible effect. Similar results 
were observed with desensitized organs. 

In the hearts of sensitized cats, on the other hand, after tlie intro- 
duction of 0.01 to 0.1 cc. of serum, the early evanescent coronary 
constriction is followed by a striking increase in coronary flow, begin- 
ning about 1 minute after the injection and lasting from 2 to 5 minutes. 
With subsequent e.xposures to the antigen this latter effect diminishes 
in intensity or fails to appear. This conforms with a true anaphylac- 
tic reaction. The results of the first injections in ten experiments arc 
summarized in Table I, showing increases of coronary flow of 18 to 48 
per cent over the preinjection levels. This reaction is not accompa- 
nied by any uniform effect upon cardiac rate, which varies in the same 
experiments from an increase of 17 per cent to a decrease of 8 per cent 
of the rate before injection. 

- The tendency of normal smooth muscle to undergo contraction upon the 
addition of serum has been observed in other organs suspended in Ringer’s solution 
(12, 13, 4), in perfused blood vessels (3), in the coronarj’ arteries of hearts previ- 
ously perfused with Ringer’s solution (3), and in the pulmonary vessels of normal 
and sensitized cats (6). 




AMTIGCH MINUTES 

INJECTED 

Text.-Fig. 1, The effect of anaphylaxis upon coronary flow in the isolated 
hearts of the guinea pig, the cat and the rabbit. 


TABLE I 


Changes in Cardiac Rale and Coronary Flow during A7taphylaxis hi the Isolated 
Perfused Hearts of Cats 


Date 

Amount of serum injected 

Cardiac rate change 
daring reaction 

Coronary florr increase 
during reaction 


cc. 

ptr cent 

Per cent 

Oct. 14 

0.01 

-8 

35 

‘‘ 26 

0.01 

+i 

48 

Nov. 10 

0.01 

0 

22 

.< ij. 

0.01 

-5 

30 

“ 18 

0.01 ! 

+17 

37 

‘‘ 19* 

0.01 

0 

18 

“ 29* 

0.01 

+5 

35 

Mar. 14 

0.01 

-7 

48 

■■ IS 

0.01 

-8.5 

46 

“ 22 

0.10 

4 

45 


• Animals previously tested by intracardiac injection at 1, 4 and 5 weeks 
respectively. All three were demonstrably sensitive. 
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Text-fig. 1 contrasts the effect of anaphylaxis upon the coronar}' 
flow in the perfused heart of the cat with that in the heart of the guinea 
pig and rabbit. In each species these effects are qualitatively identical 
with the action of histamine upon the same preparation. The results, 
therefore, further support the view that, in the process of anaphyla.\'is, 
histamine or a similar substance is elaborated. 

Anaphylaxis in the Hearts of Immune Animals 

If repeated doses of horse serum, or other foreign protein, be given 
to a guinea pig, it may be demonstrated that the animal becomes re- 
fractory or “immune” to subsequent injections. These animals will 
then tolerate the intravenous administration of large amounts of the 
antigen without symptoms of anaphylaxis. But the isolated uterus 
of such an immunized guinea pig reacts no less than that of a sensi- 
tized animal upon the addition of small amounts of horse serum to its 
environment (4). 

A series of comparable observations was conducted upon the hearts 
of guinea pigs. The animals were rendered resistant to tlie effects of 
horse serum by not less than 12 intraperitoneal injections of 0.1 cc. 
each — except as noted in Table II — and at intervals of 2 to 3 days. 
The degree of resistance so engendered w'as tested by the intravascular 
injection of serum in vivo 1 to 3 days after the last intraperitoneal dose. 
Under these conditions, four animals bore the intravascular adminis- 
tration of 0.2 cc. or 0.3 cc. of serum without S 3 '^mptoms, and three 
others 0.6 cc. or 0.8 oc. Three more survived mild reactions after the 
intravascular injection of 0.8 cc.; one of these tolerated the same dose 
3 days later without symptoms. One animal (Dec. 6 a) died in typical 
shock upon the injection of 0.6 cc. of serum 3 days after the last 
intraperitoneal injection, although the other animal tested on the same 
day (Dec. 6 b) survived without symptoms. 

As soon as it became apparent that the intravascular injection would 
not provoke symptoms, the hearts of seven animals were removed and 
perfused; t-wo others w'ere isolated 3 and 8 days respectively after the 
test in vivo; four more w’ere tested b}"^ the method of perfusion only. 
In everj' instance the e.xposurc of the isolated heart to 0.01 cc. of scrum 
in the perfusate caused a t>q)ical anaphylactic reaction. 

These results suggest anew that the immune guinea pig is protected 
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by an excess of circulating antibody. But in the heart isolated from 
such an animal, as in the isolated uterus, the quantity of fixed antibody 
is sufficient to provoke, upon combination with the appropriate 
antigen, an anaphylactic reaction indistingmshable from that of the 
heart of a sensitized animal. 


TABLE H 


Anaphylactic Reactions in Guinea Pigs Rendered Resistant to Eorse Serum by 

Repealed Injections 



Number of 

Intravascular serum in tivo 

Isolated heart 

Experiment 

doses* of horse 
serum 

Amount 

Keacdon 

Reaction to 0.01 cc. 
serum 

Jan. 25 a 

■■ 

cc. 

0.2 


0 

++++ 

" 26 a 


0.2 


0 

++-h-f 

“ 26 d 

13 

0.3 


0 

++ 

•' 27 a 

14 

0.2 


0 

++++ 

Dec. 6 5 

IS 

0.6 


0 

++++ 

Jan. 24 b 

12 

0.8 


0 

++++ 

fDec. 7 b 

13 

0.6 


0 

Tested Dec. 15 

Jan. 25 6 

13 

0.8 


survived 

Not tested 

28 6 

14 

0.8 


ft ft 

-{*++ 

t “ 25 c 

13 

0.8 


ff ft 

Tested Jan. 28 

t “ 28 0 

14 

0.8 


0 


Dec. 6 a 

15 

0.6 


Fatal 

Not tested 

•• 7 a 

16 


Not tested 


t “ 15 

19 



(( 

++-i-i- 

“ 8 

16 



(( 

++++ 

Jan. 24 a 

12 


ft 

ff 

++-!-+ 

“ 27 5 

14 


ft 

tf 

++-5-4- 


* 0 1 cc. by intraperitoneal injection at intervals of 2 or 3 days, 
t The same animal was used in these two experiments. 

X The same^animal was used in these two experiments. 


Double Sensitization 

Rosenau and Anderson (11) observed that guinea pigs could be 
rendered sensitive to three proteins at the same time and that, follow- 
ing a non-fatal reaction to one, such animals were desensitized to that 
alone. Dale (4) demonstrated multi-sensitization of uterine muscle 
of the guinea pig to horse serum, sheep serum and egg white, or even 
to separate serum proteins (Dale and Hartley, 5) but concluded that 
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desensitization to one antigen was not without ejffect upon the sensi- 
tiveness to the others. 

The authors have tested the possibility of double sensitization of the 
heart in a small group of guinea pigs. Each animal received, by intra- 
peritoneal injection, 0.1 cc. of horse serum and 0.1 cc. of a 10 per cent 
solution of egg albumen in Ringer-Locke solution. 4 weeks later, the 
isolated hearts of four of these guinea pigs reacted to each antigen in 
small amounts (Table III); after desensitization to one, a typical 
anaphylactic reaction followed exposure to the other. A fifth animal 
died in anaphylactic shock upon the injection of 0.4 cc. serum. Its 
heart, removed immediately and perfused, proved completely desensi- 


TABLE HI 

Anaphylaxis in the Isolated, Perfused Hearts of Guinea Pigs Sensitized to Horse 

Serum and Egg Albumen 


Bate 

First antigen 

Reaction 

Second antigen 

Reaction 

Nov. 30, 1937 

Serum 0.01 cc. 

-| — 1 — [- 

Albumen 0.1 cc. 

-b+++ 

Dec. 3, 1937 

« « tc 


it 

(( (1 

0 

Jan. 10, 1938 

it it 4{ 

■h+ 

it 

({ (( 

-H- 

“ 12, 1938 

a it t( 

++ 

it 

(1 C( 

++++ 

Nov. 30, 1937 


Fatal 

it 

(( (( 

++++i 

Jan. 13, 1938 


+++ 

Serum 0.01 cc. 

++++ 


Albumen administered in 1.0 per cent solution. 
* Serum injected in vivo. 
t Perfused heart. 


tized to serum but quite sensitive to albumen. The heart of a sixth 
reacted on exposure to serum but not to albumen. 

A larger series of observations would be required to determine, in 
this preparation, whether desensitization to one antigen may not exert 
a quantitative effect upon the sensitivity to another. But the few 
results recorded above seem sufficient to demonstrate that the heart 
of the guinea pig is susceptible to independent sensitization to two 
different antigens. 

Anaphylaxis to a Bacterial Substance 

The evidence establishing the occurrence of anaphylaxis induced by 
bacterial antigens includes reports of the demonstration of the typical 
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response of the isolated uterus of the sensitized guinea pig upon expo- 
sure to appropriate bacterial substances (14, 16). The type-specific 
polysaccharides derived from the pneumococcus by Heidelberger (9) 
are not, apparently, capable of bringing about active sensitization in 
the guinea pig but provoke the characteristic reaction in passively 
sensitized animals of this species (1) or in the isolated uteri thereof (10). 

TABLE TV 


Anaphylaxis in the Isolated, Perfused Hearts of Guinea Pigs upon Exposure to 
Pneumococcus Polysaccharide 


Amount o! nnli- 
^eumococcus 
(Type I) rabbit 
serum injected in- 
traperitoneally 

Elapsed lime 
before experi- 
ment 

In tiro lest in intact animal 

Isolated heart on perfusion 

Amount of ^cu- 
mococcus (Type 
I) polj*sacchande 
inject^ intravaS' 
cularly 

Reaction 

Amount of 
poU*£accbaride 

1 injected 

Reaction 

cc. 

days 

ms- 


ms» 


0.5 

2 

0.5 

Fatal 

Not tested 

2 

2 

1 ! 

<1 

l( 

cc 

3 

3 

1 

If 

' II 

cc 

1 

1 

2 

II 

Cl 

cc 

2 

2 

Not tested 

2 

++++ 

1 

2 

« 

11 

1 


2 

2 

U 

II 

1 

++++ 

2 

2 

« 

II 

0.5 

++++ 

1 

2 

(( 

11 

0.001 

+++4- 

1 

2 

f( 

11 

0.0001 

+++-h 

1 

1 

u 

11 

1 

0 





2 

0 

3 

3 

it 

II 

0.1 

0 





0.8 

0 





2 

0 


The authors examined the response of the hearts of sensitized guinea 
pigs to the polysaccharide derived from the pneumococcus by Felton 
(7).’ Attempts to produce active sensitization to this type-specific 
substance proved entirely unsuccessful. Passive sensitization was 
accomplished in 12 animals by the intraperitoneal injection of Type I 
antipneumococcus rabbit serum. The intravenous injection into 

’ The authors are indebted to Dr. Llovd G. Felton who placed a quanUtv' of this 
substance at their disposal. 
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four animals, 24 to 72 hours later, of 0.5 to 2.0 mg. of Type I poly- 
saccharide (Felton), resulted, in each case, in fatal anaphylactic shock. 
The hearts of six of the remaining eight animals were removed and 
perfused 2 days after the original administration of antipneumococcus 
serum. Upon the addition of polysaccharide to the perfusate in 
amounts as small as 0.0001 mg. there ensued the characteristic ana- 
phylactic response with consequent desensitization (Table IV). This 
reaction failed to appear in the hearts of the two other animals, 
isolated 24 hours and 72 hours respectively after the original dose of 
serum. 


SUMMARY 

Anaphylaxis in the isolated, perfused hearts of cats has been shown 
to be accompanied by a considerable, though transient, increase in 
coronary flow. This result is contrasted with that observed in the 
hearts of guinea pigs and rabbits in which the coronary arteries are 
constricted during anaphylaxis. Attention is directed to the fact that, 
in the hearts of these three species, the effects of anaphylaxis and of 
histamine are qualitatively parallel. 

The characteristic anaphylactic response in the isolated hearts of 
guinea pigs has been evoked : (c) in the organs removed from immune 
animals, (6) by each of two antigens (horse serum and egg albumen) 
under conditions of double sensitization, and (c) upon exposure of the 
hearts of passively sensitized animals to the type-specific polysaccha- 
ride of the pneumococcus. 

It is evident that, among the effects of anaphylaxis upon smooth 
muscle in various organs, there must be considered that upon the 
coronary arteries. 
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The investigations of Rich (1) and his associates have cast profound 
doubt on the r6le of allergy in immunity to tuberculosis. Their 
studies intimate that both the fixation of tubercle bacilli at the site 
of reinfection and the inhibition of their growth may take place in 
the absence of exaggerated inflammation. Many studies (2) since 
then have indicated that there is no strict parallel between allergy 
and immunity. If the fate of the bacilli of reinfection is determined 
it has been found (3) that their destruction and the inhibition of 
their growth on intravenous inoculation is most marked in the pres- 
ence of considerable residual primary lesions and is associated with 
scant inflammatory response at the site of their localization. With 
slight remaining primary tuberculosis the bacilli of reinfection are 
less effectively inhibited, yet the acute inflammation at the site of 
localization of the microorganism is much more intense. On intro- 
ducing melted agar impregnated with tubercle bacilli and trypan 
blue subcutaneously into normal and highly immunized rabbits (4), it 
was found that with large doses, the early rush of lymph from the 
focus of reinfection is so intense that both the bacilli and the trypan 
blue are swept over to the draining Ijmph nodes much more rapidly 
in the sensitized than in the normal animal. However, one cannot 
conclude from this that in man also the exaggerated inflammation 
aids rather than hinders the dissemination of the badlli of reinfection. 
Rabbits become only moderately sensitized to the tubercle bacillus 
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as compared to the exquisite sensitivity that man acquires as a result 
of a tuberculous infection. It has been shown by Menkin (5) that 
the fixing capacity of an inflammation is proportional to the injur}’- 
exerted by the inflammatory agent on the tissues. Therefore the 
study with a local agar focus was repeated in the guinea pig, the ac- 
quired allergic sensitivity of which is more like that of man. It 
was the purpose of this endeavor to reexamine the immune reactions 
in the guinea pig and to determine if possible whetlier allerg}'- plays 
any role in the fixation of the bacilli of reinfection. Incidentally 
observations have been made that bear on the problem of local im- 
munity. 

In the study with the agar focus where the bod}’’ fluids readily 
penetrated the agar masses, but into which the cells entered slowly, 
it was shown that in the acellular agar islands of the normal animal 
the bacilli multiplied unhindered; in the immune animal, on the 
other hand, a marked inhibition of their growth was evident in these 
cell-free areas saturated, as they were, witli the immune body fluids. 
In this paper, based on the use of another procedure, it is felt that 
more definite evidence of the r61e of humoral bacteriostatic factors in 
immunity to tuberculosis in vivo is presented. 

Role of Extracellular Factors in the Fixation of Tubercle Bacilli of 

Rcivfcctioji 

Methods and Materials 

The use of the agar focus has been previously described (4). Guinea pigs 
were vaccinated with 2 mg. of BCG subcutaneously on the right side of the 
back near the shoulder, 38 d.ays later, when they exhibited marked sensitivity 
to tuberculin, these, together with a group of normal guinea pigs, received sub- 
cutaneously over the left thigh 5 cc. of a mixture containing 6 per cent agar in 
saline solution adjusted to pH 7.4, virulent human tjTic tubercle bacilli (P 15 B) 
and trypan blue. Another series of guinea pigs was given 1 mg. of R 1 tubercle 
bacilli, a strain of low virulence, intrapcritoneally. 53 days later the same animals 
received 2 mg. of the same culture subcutaneously on the right side of the back 
near the shoulder. 62 days after this last treatment, the vaccinated, together 
with a group of normal animals, received 4 cc. of a mixture containing 4.5 per 
cent agar in saline solution, virulent bovine type tubercle bacilli (Ravenel strain), 
and trypan blue. In each series the number of bacilli present in the inoculum 
was determined by culturing unit weights of the agar suspension on L<ieucnstcin’s 
medium supplemented with bone marrow infusion as previously described (6). 
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At different intervals of time following inoculation a normal and a vaccinated 
animal were killed. The character of the local and metastatic lesions and their 
content of trypan blue was noted. The number of living tubercle bacilli present 
in a unit weight of tissue was determined by culture for the following structures 
of normal and vaccinated animals; the agar focus with its investing capsule, the 
superficial inguinal and deep iliac nodes draining this focus, the superficial in- 
guinal nodes on the opposite side, i.e. the control inguinal node, and the spleen 
or liver. The number of colonies cultured from a given tissue was correlated 

TABLE I 


The Fale of Vindoil Tubercle Bacilli and Trypan Blue in an Agar Foacs and 
Their Dissemination in the Body of Normal and R 1 Vaccinated Guinea Pigs 



e 


Agar focus 


Braining inguinal 
nt^es 

Control 

ingui- 

Draining iliac nodes 


c 

.2 

ti 

*5 

Normal 

Vaednated 

Normal 

Vacci- 

nated 

nal 

nodes 

Normal 

Vzed- 

Dated 



c 

0 

c. 

1 

o 

c 

u 

u 

e 

V 

*2 

S 

u 

.a 

e 

« 

& 

V 

G 

o 

s 

s 

c 

€! 

c. 

*c 

.a 

a 

e 

eu 

O 

*s 

u 

2 

a 

e 

O. 

"S 

s 

C 

*s 

c 

•7 

(J 

*5 

c 

2 

e 

g. 

*2 

o 

2 

p 

a 

*3 

2 



E 

b 


>. 




b 

o 



b 


b 





o 


u 

H 

U 

6h 

u 
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> 

U 

8-1 

U 


Z 


12,400 

day: 

1 

22,200 

+++ 

ssoo 

+++ 

■ 

+ 

0 



0 

20 


0 

tr. 

0 

0 


4 

159,000 

1-^ 

4600 ++± 

1730++ 

10 

+ 

— 

0 

0 


• 


0 

0 


8 

29,000 

-hfc 

48,300 

-ht 

8000 

+ 

t 

t 

— 

0 

18 

-fi 
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The intensity of coloration of the agar focus and the draining lymph nodes is graded 
as follows: tr., trace of blue; ±, faintly blue; -f, pale blue; -b+ , moderately blue; and 
deep blue. 

* Residual regressive tubercle from primary infection; 210 colonies were cultured 
therefrom. 

t This lymph node was enmeshed in the agar focus; 720 colonies were cultured there- 
from. 

with the histological changes in the tissue immediately adjoining. The sections 
were stained with Masson’s trichrome procedure as modified by Foote (7), by 
the Ziehl-Neelsen stain for tubercle bacilli and by Mallory’s fibrin stain. The 
fate of the bacilli and the tissue response at the site of inoculation, as weU as in 
the metastatic foci of the normal guinea pigs and those vaccinated with R 1, were 
compared to the host parasite interactions in the same foci of normal rabbits, 
and rabbits harboring a primary residual tuberculosis, and inoculated, like the 
guinea pigs, with comparable amounts of the same culture administered =ub- 
wtaneously in melted agar and trj-pan blue. The detailed data for the rabbits 
have already been reported (4). 
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Fate of the Bacilli 

Since the results obtained from the two guinea pig series were 
essentially the same, except that with BCG vaccination the immunity 
exhibited was much less pronounced than that shown by guinea 
pigs repeatedly treated with the more virulent R 1 culture, the pro- 
tocols for the former are omitted. In Table I are presented the fate 
of the bacilli and trypan blue in the normal and R 1 vaccinated guinea 
pigs. 

It will be noted that the inoculum contained a large number of 
tubercle bacilli, 12,400 colonies being isolated from 10 mg. of the 
agar suspension. The bacilli in the agar focus of the normal guinea 
pig multiply almost uninterruptedly up to the 2nd week. By tlie 
4th week, however, there is a marked reduction in the number of 
tubercle bacilli. Essentially the same observations were made with 
the agar focus in rabbits (see Table III in previous study (4)). In 
these animals also the bacilli multiply up to the end of the 2nd week, 
and a marked reduction in their numbers is found in the 4th week. 
In the R 1 vaccinated guinea pigs, and in rabbits that harbored a 
primary infection, the multiplication of the bacilli in the agar focus 
is markedly inhibited from the beginning. The superficial inguinal 
node on the side opposite the agar focus, i.e. the control inguinal node, 
was sterile in every case, a fact suggesting that the bacilli cultured 
from the draining superficial nodes were derived from the bacilli 
that had invaded these structures from the focus of reinfection, 
except in the two instances noted in the table. 

While the behavior of the bacilli of reinfection at the site of inocu- 
lation was the same in rabbits and guinea pigs, the dissemination of 
the bacilli of reinfection to the draining lymph nodes was fundamen- 
tally different. In the former, with a large infecting dose, viz. 10,900 
organisms per 10 mg. of inoculum, the draining lymph nodes were 
already invaded within 24 hours, at a time when the draining lymph 
nodes in the normal animal were sterile. In the guinea pig on the 
other hand, even with larger numbers of bacilli of reinfection, the 
draining lymph nodes of the sensitized animal were sterile, although 
in the normal animal these were already invaded. A similar dif- 
ference was noted in the spread of trypan blue in reinfected rabbits 
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and guinea pigs. In the reinfected rabbit the draining lymph nodes 
contained more trypan blue than those of the normal rabbit. In 
the guinea pig) however, less tiy'pnn blue reached the dra inm g lymph 
of the vaccinated than of the normal animal. Similar observations 
were made repeatedly in guinea pigs, both with trypan blue and ba- 
cilli, even with still larger reinfecting doses and without agar in the 
inoculum. The bacilli that rapidly invaded the draining lymph nodes 
and internal organs in the normal guinea pig imderwent massive 
multiplication in the lymph nodes and liver for the first 2 weeks. 
In the immune anim al on the other hand, few or none were foimd in 
the lymph nodes and internal organs 2 weeks after reinfection. In 
the 4th week, they accumulated but slowly in these draining lymph 
nodes at a time when large though reduced numbers persisted in 
the draining lymph nodes, and when uninterrupted multiplication 
continued in the liver of the normal guinea pig. A similar suppres- 
sion of multiplication of the bacUli of reinfection that had invaded 
the draining lymph nodes and internal organs of immunized rabbits 
has been previously described. 

Role of Local Immunity 

Text-fig. 1 depicts graphically the fate of the bacilli in normal 
guinea pigs at the portal of entry, in the nearest draining inguinal 
node, in the more remote draining iliac node, and in a distant internal 
organ, the liver. The number of tubercle bacilli cultured from the 
agar focus on the 8th day is indicated but is not integrated in the 
graph, for this result is obviously atypical, as was evident both from 
subsequent developments in the agar focus, and also from many other 
such determinations, both in rabbits and guinea pigs. As noted 
above multiplication usually continues in the agar focus during the 
first 2 weeks after inoculation. It is evident that in all these four 
sites multiplication continues for the first 2 weeks. In the 4th week 
there is a marked reduction in the number of bacilli at the portal 
of cntiy, a much smaller but still definite reduction in the nearest 
lymph node, a complete cessation of accumulation but no significant 
diminution in the lymph node more removed from the agar focus and 
a practically uninterrupted and marked increase of the microor- 
ganisms in the distant liver. Essentially similar obserx'ations were 
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Text-Fig. 1. The fate of tubercle bacilli at the portal of entry and at sites 
more and more remote therefrom in normal guinea pigs. 



Text-Fig. 2. The fate of tubercle bacilli at the port.al of entry and at sites 
more and more remote therefrom in normal rabbits. 
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made in the rabbit (see Table I in the paper cited (4)), and are illus- 
trated in Text-fig. 2. , . . . , 

It is evident therefore that the fate of the bacilli of primary infec- 
tion and reinfection at the portal of entry and in the metastatic foci 
is, with one significant exception considered below, essentially the 
same in guinea pigs and rabbits. This behavior of the bacilh has 
already been described for the rabbit in the previous study. Here 
special attention is directed to the character of the developing im- 
munity in the guinea pig and rabbit primarily infected. It was foimd 
that immunity, as determined by the fate of bacilh, appears most rap- 
idly and intensely at the portal of entry of the microorganism, is 
progressively less effective in the lymph nodes more and more removed 
from this focus and, at the same time, is altogether ineffective in 
distant internal organs. 

An important difference in the behavior of the two species is ob- 
served in the early dissemination of tubercle badlli and trypan blue 
from the site of inoculation. With large doses, the bacilli of rein- 
fection and trypan blue reach the draining l3nnph nodes of the sen- 
sitized rabbit more rapidly than they invade the same structures 
in the normal animal. In the sensitized guinea pig however, even 
with larger doses, both the bacilli of reinfection and the trypan 
blue are retarded in their spread to the draining lymph nodes as 
compared to that in the normal guinea pig. In the succeeding para- 
graphs an attempt is made to correlate this different behavior of the 
bacilli in the two species with their respective tissue response. 

The Response of the Host 

One day after inoculation of agar and tubercle bacilli subcutaneously into 
normal and vaccinated guinea pigs there is a large accumulation of fluid in the 
tissues surrounding the agar focus. At the periphery the exudate, situated in 
proximity to the collagenous fibres, is coagulated, forming a dense fibrinous net- 
work (Fig. 3). The outpouring of fluid is much more intense in the vaccinated 
than in the normal animal. The fibrinous deposits are much more marked in 
the sensitized animal, extending into the aureolar zone. The lymphatics in the 
normal animal are patent. In the vaccinated animal they are thrombosed by a 
fine fibrinous network (Fig. 1). The accumulation of cells about the focus of 
the vaccinated animal is much greater than that about the normal animal Many 
of the polymorphonuclcars in the former are neaotic; they are intact in the 
normal animal. The mononuclears are present in considerable numbers in the 
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vaccinated; theyare scant in the normal guinea pig. The cells lie in a matrix of 
fibrinous network. This network is more widespread and denser in the vac- 
cinated than in the normal guinea pig. In the normal animal tlie agar mass itself 
is broken up into small particles in immediate proximity to the fluid exudate; in 
the vaccinated this disruption of the agar is much less pronounced. The reac- 
tion in the sensitized rabbit differs from that of the sensitized guinea pig in the 
following respects. The accumulation of fluid about the focus is less pronounced, 
the polymorphonuclears are less injured and the fibrinous deposit is less marked 
around the blood vessels. It is coarse, consisting of bulky tlireads witli large 
spaces between them (Fig. 4), while the fibrinous deposits in tlie guinea pig, on 
the other hand, consist of fine fibrillar strands lying close together (Fig. 3). The 
surrounding lymph vessels in the rabbit are open (Fig. 2), while in the guinea pig 
they are thrombosed (Fig. 1). The agar mass itself is much more broken up in 
the rabbit by bulky fibrinous strands than in the sensitized guinea pig. 

There was no evidence of growth of the bacilli in any animal 1 daj-^ after inocu- 
lation. It is noteworthy, however, that while microscopically the bacilli were 
found in more prominent clumps in the vaccinated guinea pig the tissues of the 
latter yielded fewer colonies than the agar focus in the normal guinea pig. 

In the draining superficial inguinal nodes of the normal guinea pig the mar- 
ginal sinus was crowded with numerous granulocytes and they pervaded practi- 
cally the entire node. Fluid distended the intermediate sinuses, and exfoliated 
macrophages \yith withdrawn processes were numerous. Many of them contained 
agar and trypan blue particles. In the draining superficial inguinal node of the 
vaccinated guinea pig, on the other hand, few granulocytes were present and little 
fluid was seen in the sinuses. The cells lining the sinuses were sessile, with their 
processes attached to the walls. They were not exfoliated. They contained 
little trypan blue, and no agar particles were identified in them. The reverse 
relationship held in the rabbit. The lymph node draining the agar focus in the 
normal rabbit was in all respects normal; both the marginal and intermediate 
sinuses were free of extraneous cells. In the sensitized rabbit on the other hand, 
the marginal sinus of the draining lymph node was distended with fluid and con- 
tained large numbers of polymorphonuclears. Macrophages with engulfed agar 
particles were seen lying free in the sinuses. 

For the first 2 weeks following infection the bacilli in the acellular agar islands 
of the normal guinea pig were numerous. They appeared as loose masses of 
deeply acid-fast rods, from the periphery of which numerous bacilli radiated in 
all directions. They swarmed as dispersed forms uniformly deeply stained, with 
bulbous ends; branching forms were also seen. They were particularly numcrou;' 
in proximity to the agar capsule and gradually diminished deep in the agar. 
They were more prominent in proximity to that portion of the capsule contiguous 
to the abdominal muscles than to that adjoining the skin. Occasionally deep in 
the agar were seen colonics which consisted of rounded or oval masses of cxtrcmch 
fine non-acid-fast granules, often arranged about a centrally situated unstained 
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spherule; from the periphery of this granular body extremely thin, long and short 
faintly acid-fast rods radiated. 

In the immune animal, on the other hand, the bacilli were scanty throughout 
in the acellular agar, even in immediate proximity to the capsule. They appeared 
as minute dense clumps of acid-fast, extremely short rods, the indiAdduals of 
which could not be easUy discerned. There were none or few radiating forms 
about them. The clumps were spotted by numerous black or blue granules. 
Individual, very short, unevenly stained rods with polar bodies were seen. At 
times ill defined, wealdy acid-fast globules were noted, in the center of which 
add-fast granules were found. Rarely minute colonies were encountered, con- 
sisting of centrally situated non-acid-fast granules, from the periphery of which 
a few acid-fast rods sprouted. 

In the normal animal the cellular reaction was diffuse, consisting of a large 
admixture of mononuclears, granulocytes and fibroblasts. No phagocytosis of 
tubercle bacilli by the mononuclears was noted on the 4th day after inoculation. 
Later these cells contained large numbers of long, deeply acid-fast rods with bul- 
bous ends, often in the form of packets of parallel rods within the cell. 

In the immune animal phagocytosis of tubercle bacilli by mononuclears was 
noted on the 4th day after reinfection. Well defined tubercles with mature 
epithelioid cells with well differentiated cytoplasm appeared on the 8th day. 
Minute foci of caseation were already present. The bacilli were scanty every- 
where. They were short and beaded and were found especially in the caseous 
foci. Both in the normal and in the immune animal the cells lay in a matrix of 
fibrin. This was particularly conspicuous and extensive in the immunized animal, 
the cells often lying as if in a basket of intercellular fibrillar substance. By the 
2nd week bacilli swarmed within the cells of the normal animal. They were 
particularly numerous in those central foci of caseation still infiltrated with large 
numbers of polymorphonuclears. Pol 3 Tnorpbonuclears, however, were not 
limited to these foci but persisted practically throughout the whole lesion. The 
mononuclears had not yet assumed the shape of mature epithelioid cells; there 
was as yet no differentiation of the cytoplasm; their processes were still stretched 
in different directions. The lesion was diffuse and not nodular, invading the 
surrounding muscle bundles. The latter were often necrotic, apparently choked 
by the advancing tuberculous process. The enmeshed blood vessels in the necrotic 
zone were partially thrombosed. Underneath the skin the capsule was less specific 
in character; fibrous tissue was prominent here. 

In the necrotic zone abutting against the agar in the immune animal all the 
vessels were completely thrombosed. Some of the tubercles were already under- 
going regressive changes. The epithelioid celk were rounded and without pro- 
cesses; there was almost no accompaniment by polymorphonuclears. Tubercle 
baciUi were cverj'rvhere scant; short beaded forms were found. The non-specific 
fibrous tissue formation was much more extensive in the immune animal, and 
under the skin it was present almost to the exclusion of any specific changes. 

In the 4th week the capsule of the normal guinea pig had undergone massive 
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and difltuse caseation. .In those caseous foci where only nuclear debris remained, 
the bacilli were few, beaded, and short. Caseous foci in an earlier state of de- 
velopment still contained numerous long deeply staining acid-fast organisms. 
In the vaccinated guinea pig, on the 4th week the same difference from the normal 
obtained as noted in the 2nd week. Caseation was mucli less in evidence and 
fibrous tissue deposits in the capsule were conspicuous. 

Thus it is dearly seen that the essential features of the immune 
response in the rabbit and guinea pig are the same. In both there is 
suppression of growth of the badlli of reinfection, both extra- and 
intracellularly. In both there is a more rapid mobilization of the 
mononuclears. In both the polymorphonudears soon disappear 
from the site of reinfection. In both the phagocytic properties of 
the mononudears are greater in the immune than in the normal 
animal. In both the destruction of tlie bacilli in the immune animal 
is associated with a more rapid nodular formation of mature epithe- 
lioid tubercles. It is true, however, that nodular tubercle formation 
is more pronounced in the immune rabbit than in the immune guinea 
pig; the reaction, even in an immune guinea pig, is still to some 
extent diffuse. 

The chief differences in the response of the two species to reinfec- 
tion are two. One is the degree of injury the bacilli exert on the 
tissues of the sensitized animal of these two species. The other is 
the response of the intercellular substance. 

The more highly sensitized tissues of the guinea pig respond with 
a greater outpouring of fluid, presumably resulting from a greater 
injury to the vessel walls. The focus becomes shunted off by the 
dotting of the exudate and the thrombosis of the lymphatics (Fig. 1). 
The clot is dense and intimate in the guinea pig (Fig. 3) ; it is loose 
and coarse in the rabbit (Fig. 4). It is obvious that these extracel- 
lular factors form a more effective barrier against the easy dissemina- 
tion of particulate matter from the site of reinfection in the guinea 
pig than in the rabbit, where the fibrinous deposits arc less pronounced, 
more porous, and where the draining lymphatics remain open (Fig. 2). 

It is noteworthy that not only are tubercle bacilli and trypan blue 
retarded in their passage from the site of reinfection, but agar particles 
arc also prevented from reaching the draining lymph nodes of the 
vaccinated guinea pig. In the latter they were never found. In 
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the rabbit, however, the agar is carried to draining lymph nodes of 
both normal and immunized rabbits. See Fig. 10 and 11 in the 
paper cited above (4). 

The amount and character of the intercellular substance in the two 
species appear to be operative in the same direction. The fibrinous 
network in which the cells are lodged is dense and intimate in the 
guinea pig and very conspicuous (Fig. 7). It is coarse and loose 
and of much smaller extent (Fig. 8) in the rabbit. Fibrous tissue 
formation is very much greater in the guinea pig than in the rabbit. 

It is interesting to note in this connection that clotted plasma of 
normal rabbits differs from dotted plasma of guinea pigs. The in- 
dividual threads in the clot of a rabbit are coarse, with large spaces 
between them, forming a large meshed sieve (Fig. 6). The individual 
threads of the dot of guinea pigs are very fine and dosely applied, 
with minute spaces between them, forming a fine sieve (Fig. 5). 
Furthermore, the plasma dot of a rabbit is soft and friable, and on 
centrifugation yields its enmeshed serum with ease. The plasma 
dot of a guinea pig on the other hand is much firmer and less fragile, 
and on centrifugation its enmeshed serum separates with greater 
difficulty. 

Further observations that suggest mechanical differences in the 
character of the respective inflammations in the two species have 
been made. Normal and tuberculous rabbits and guinea pigs were 
immunized with (o) formalinized typhoid bacilli, {b) a tuberculo- 
protein, TFT, (8) and (c) horse serum. When the antibody titre of 
the serum of these animals had attained a certain level, they were 
given an intrapleural injection of aleuronat-starch. 1 or 2 days later 
the resulting exudate, freed from cells, was titrated for its agglutinins 
or precipitins. At the same time the concentration of these antibod- 
ies in the corresponding sera of these animals was determined. The 
results are recorded in Table II. 

It is seen that the concentration of agglutinins in the exudate of 
both normal and tuberculous rabbits is the same as that of the cor- 
responding sera. In the tuberculous guinea pigs, however, while 
the antibody content of the exudate is also the same as that of the 
scrum of the same animal, it is relatively higher than that of the 
exudate in a normal guinea pig, the antibody titre of which is lowei 
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than that of its corresponding serum. Again in tuberculous rabbits 
the precipitin titre of the exudate is often lower than that of the 
synchronous concentration in their corresponding sera. In tuber- 
culous guinea pigs, however, these antibodies accumulate in much 
higher titre in the exudate than in the circulating blood. 

In other words not only do more precipitins pass from the blood 

TABLE n 

Synchrouotis Conccntraiion of Aiilibodies 

In ike Blood Serum and in Inflammatory Exndalcs of Normal and Tuhcrculons 

Rabbits and Guinea Pigs 


Rabbits 

Guinea pigs 

Rabbits 

Guinea pigs 

Agglutinins 

Agglutinins 

Precipitins* 

Precipitinsf 

Rabbit No., 
normal or 
tuberculous 

Titre of scrum 

Titre of exudate 

Guinea 
pig No., 
normal or 
tubercu- 
lous 

Titre of serum 

Titre of exudate 

Rabbit No., 
normal or 
tuberculous 

Titre of serum 

Titre of exudate 

Guinea pig 
No., normal 
or tubercu- 
lous 

Titre of scrum 

Titre of exudate 










IS-S Normal 

320 

160 

50-1 Normal 

1230 


66 Normal 

500 

125 

G2-20 Normal 



15-9 “ 

640 

1 1 

E 3-9 " 

1230 

1230 

69 “ 

1000 

500 

B3-12 “ 

Hsm 


16-4 " 

320 

El 

H 2-3 " 



68 “ 

500 

250 

C2-19 " 

50.000 


16-1 " 

160 

610 

E3-10 " 

320 

H 

70 Tbc, 



A3-3 Tbc. 


SB 

16-3 " 

320 

640 

2 Tbc. 

5120 


71 " 

250 

^^3 

C3-1 “ 


14 Tbc. 

160 

12S0 

7 “ 

1280 

1280 

36 “ 

EiTili 

Bitl 

a-6 •• 


atmiiiiil 

16 " 

320 

610 

A 3-6 Tbc. 

1230 

1280 



1 



1 

40 '• 

640 

2560 


* Versus tubcrculo-protcin. 
t Versus horse serum. 


into tlie exudate to a tuberculous guinea pig than into the site of 
inflammation of a tuberculous rabbit, but after they have permeated 
the vessels of the guinea pig they tend to accumulate there until 
they attain a higher concentration than that in their corresponding 
serum. This would suggest the following mechanism. The vessels 
of a tuberculous guinea pig are more injured by the irritant than 
the vessels of a tuberculous rabbit; hence more antibodies will exude 
from the blood of the former. But this will not account for the higher 
concentration of antibodies in the c.\udate. It may be, however, that 
the cfTerent lymphatics at the site of a local non-specific inflammation 
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in a tuberculous guinea pig are plugged, just as occurs in response to 
a specific irritant, whereas these vessels in a tuberculous fabbit re- 
main open. In this case the antibodies will leave the site of inflam- 
mation in the rabbit, but will be blocked in the guinea pig. 

Role of Exlracellular Factors in the Inhibition of Growth of Tubercle 

Bacilli of Reinfection 

It was shown in the previous study (4) with the agar focus in 
rabbits and confimied in the present investigation in guinea pigs that 
in the acellular agar islands of the normal animal, into which the body 
fluids penetrate, the bacUli multiply unhindered, whereas in the 
immune animal a marked inhibition of their growth was evident in 
these cell-free areas saturated with the immune body fluids. I^Tule 
the observations are suggestive, their interpretation is open to ques- 
tion. The growth of the bacilli in the agar focus is marked at the 
periphery in proximity to the cellular infiltration. Deeper withir 
the agar the growth is scanty, even in the normal rabbit or guines 
pig. Now it has been noted that in the normal animal of boti 
species the agar is broken up into small particles by the invading exu 
date. In the immune animal on the other hand these particles ar( 
larger. It is conceivable, therefore, that the obserx’^ed suppressioi 
of growth of the bacilli in the immune animal may be due, not to th( 
bacteriostatic properties of its body fluids, but to the less effectiw 
penetration of these, due to the fact that in the tuberculous anima 
the agar is little dispersed and in large aggregates. To answer furthe 
questions, it was desirable to set up an experiment in which the cell 
are entirely and permanently kept out from the site of in vivo multi 
plication of the bacilli, although exposed to body fluids. 

After numerous trials the following procedure was adopted. Pure, undyei 
silk, the threads of which were so woven that the interstices between the fibre 
formed parallelograms about 42 micra in length and 18 micra in width, was sew: 
into bags. Into the mouth of these bags the lipped rim of a pjTex glass cannul 
was fastened; the cannula was constricted at its distal third. This bag with it 
attached cannula was autoclaved and dried under sterile conditions. Because c 
the shape of the bag, Elford’s technique for the preparation of graded coUodio 
membranes of known porosity was inapplicable (9). They were therefore coate 
with an arbitrary- concentration of MaUinckrodt’s parlodion which had bee 
autoclaved and dried with sterile precautions. The concentration of parlodic 
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varied between 2 and 3 per cent by weight. The solvent was 75 to 80 per cent 
absolute alcohol and 20 to 25 per cent absolute ether. The drj'' sterilized bags 
with their attached cannulas were immersed for several hours to several days in 
the collodion solvent to expel all air bubbles. They were then submerged in the 
parlodion solution for a similar period. With painstaking sterile precautions, the 
bags were removed from the parlodion solution, which was allowed to drain off 
completely. These were now dried in air for about 6 minutes in a vertical posi- 
tion, as routine. The emersion was repeated several times. The junction between 
the glass cannula and the silk was covered with a thick layer of collodion. Bags 
so impregnated proved entirely impervious to cells (Figs. 9, 10, 11 and 12) and 
readily permeable to body fluids. 3 to 4 per cent of molten agar in saline cooled 
to 50°C. was mixed with a suspension of virulent bovine tubercle bacilli in trj'pan 
blue or India ink. By means of a syringe with a long needle the bags were filled 
with this mixture up to the level of the glass cannula. The cannula was then 
sealed in the flame at the point of constriction and, after cooling, was placed in 
the peritoneal cavity of a normal or tuberculous rabbit. At the same time a 
weighed portion of the mixture of tubercle bacilli and agar was reserved for culture 
to determine the number of bacilli present in the inoculum before it was placed 
in the animal. 

In a given experiment the preparation of the bags to be used for a normal 
and tuberculous animal was as nearly identical in each individual procedure as 
was possible. In some instances, another bag, prepared at the same time, was 
filled with sterile salt solution, sealed in the flame and placed in the peritoneal 
cavity of the normal and the tuberculous rabbit simultaneously with the introduc- 
tion of the bags containing agar and living tubercle bacilli. At different inten.’als 
of time, but most often after 2 weeks sojourn in the peritoneal cavity of the normal 
and immunized animals, i.c., the time of maximum multiplication of locally 
injected tubercle bacilli, the bags were removed and opened. A large sample 
of the solid, unbroken, transparent agar w’as removed, weighed, and used for 
culture to determine the fate of the bacilli in the agar within the bags. The por- 
tion of agar immediately adjoining this sample, together with the tissue mem- 
brane that had formed outside and about the collodion-impregnated silk bag in 
its sojourn in the peritoneal cavity, w'as prepared for histological study. In some 
cases, immediately upon opening the silk bag, portions of the agar within were 
covered with mineral oil for determination of its pH concentration by the method 
of Hastings and Sendroy (10). On the occasions when blank salt solution-con- 
taining bags were also present in the peritoneal cavity, the protein concentration 
of the fluid within them was determined by the gravimetric method as given by 
Peters and Van Slyke (11). At the same time its pH concentration was deter- 
mined. Table III presents the results obtained in 9 such experiments. 

It is clearly seen that in all but a single instance the growdh of the 
bacilli within the bags situated in the peritoneal cavity of normal 
animals is far greater than that taking place within bags placed in a 
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tuberculous animal. This is sharply brought out in the column 
listing the ratio between the number of colonies cultured from the 
agar after its sojourn in the peritoneal cavity and the number obtained 
from the original inoculum. It will be noted that the number of 
bacilli within the bags placed in normal rabbits varied from 1.7 to 

TABLE m 

Fate of Viridenl Bovine Tiibercle Bacilli within Collodion-Impregnated Silk Bags 
Placed in the Peritoneal Cavity of Normal and Ttiberctdons Rabbits 


Length 
of stay of 
bags in 
the peri- 
toneal 
cavity 

Kumbcr of 
colonies 
in 

inoculum 

Nomber of colonies in bags of 

Ratio between 
number of 
colonies in bag 
and in inocu- 
lum of 

pH of agar 
in bags of 

Normal rabbits 

Tuberculous rabbits 

Rabbit 

No. 

Colonies 
in bag 

Rabbit 

No. 

Colonics 
in bag 

Nor- 

mal 

rabbits 

Tuber- 

culous 

rab- 

bits 

Nor- 

mal 

rabbits 

Tuber- 

culous 

rabbits 












11,700 

1 

50,000 

A 31-6 

13,200 

4.3 

1.1 




5900 

304 

140,000 

39-6 

0* 

23.7 

— 




4900 

4 

l,400,000t 

31-0 

33,000t 

285.7 

6.7 




4900 

4 

190,000t 

31-0 

12,0001 

38.7 

2.5 




4300 

3 

2600 

31-1 

300 

0.6 

0.07 




13,200§ 

23,20011 

10 

210,000 

83 

30,000 

15.9 

• 

1.3 

7.40 

7.40 

14 

8350 

5 

160,0001 

E 3-9 

10001 

19.1 

0.1 

7.251 

6.951 

14 

8350 

5 

33,0001 

E 3-9 

10001 

4.0 

0.1 

7.351 


13 

3100 

6 

133,000 

E 3-10 

156,000 

42.9 

50.3 

7.35 

7.30 

14 

1500 

17-8 

2600 

6 

300 

1.7 

0.2 

7.28 

7.05 

14 

75,000§ 

104,00011 

20-3 

2,700,000 

FM 2 

230,000 

36.0 

2.2 

7.22 

7.31 


* After treatment vrith sulfuric add. 
t Bag of about 12 mm. diameter, 
t Bag of about 5 mm. in diameter. 

§ Inoculum placed in bag of normal rabbit 
11 Inoculum placed in bag of tuberculous animat 

285.7 times the number present in the original inoculum. Within the 
bags placed in tuberculous animals on the other hand, the increase, 
with the exception of that of E 3-10 noted above, ranged between 
1.1 to a maximum of 6.7 that of the original inoculum. In only one 
instance of a bag placed in a normal rabbit was there an actual re- 
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duction in the number cultured, as compared with that of the inoc- 
ulum. It is interesting that in this case the reduction of the number 
of bacilli within a similar bag placed simultaneously in a tuber- 
culous animal was ten times greater, and that three additional in- 
stances of such reduction were found within bags placed in tuberculous 
animals. The range of dosage in the inoculum varied greatly in 
different experiments. Presumably also the thickness of the col- 
lodion differed in different sets, although in a given set there was 
little difference in the thickness of the collodion membrane of tlie bags 
placed simultaneously in a given pair of normal and tuberculous 
animals. 

Frequently both in normal and tuberculous rabbits, within the 
glass cannula attached to the bags, above the level of the agar, a clear, 
cell-free, protein-containing fluid collected, whicli did not coagulate 
after several days at 37°C. Likewise within the bags containing salt 
solution only, identically prepared and placed simultaneously within 
the peritoneal cavity of normal and tuberculous rabbits, a similar 
fluid, containing about 3 per cent protein, which failed to clot, was 
present. It is plain, therefore, that the body fluid penetrated the 
collodion-impregnated bags placed both in normal and tuberculous 
animals, but this fluid in a tuberculous rabbit is definitely bacterio- 
static as compared with that penetrating a membrane of similar 
character in a normal animal. 

As can be seen from columns 9 and 10 in Table III the pH of the 
agar within bags in tuberculous animals is frequently considerably 
lower than that in bags in normal rabbits. However, in three separate 
experiments where blank, saline-containing bags were e.xamincd, there 
was no difference in the pH of the fluid in these bags placed in a 
normal or tuberculous animal. Whether this increased acidity of 
the agar in these instances is due to the differing behavior of the bacilli 
within them or to some other cause cannot be stated. 

Histological preparations of these bags revealed that the contents 
of the bags remained absolutely cell-free even after 14 or more days 
sojourn in the peritoneal cavity (Figs. 13, 15 and 16). There was no 
fibrinous deposit within the bags. Presumably fibrinogen failed to 
penetrate the collodion, as the protein-containing fluids that pene- 
trated these sacs failed to clot. As a result, the agar remained as 
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one solid mass, imbroken by the fluids that seeped into it. It is seen 
therefore that the objections that could have been raised to the 
interpretation of the results of the agar focus technique as stated 
above are met in this procedure. As with the subcutaneous agar 
focus the growth within the bag is chiefly peripheral, being densest 
in a narrow zone close to the collodion membrane and rapidly de- 
creasing in the deeper layers (Fig. 13). A similar distribution of 
the bacilli is seen in older caseous foci of infected tissues as illustrated 
in a caseous lymph node in Fig. 14. 

There is usually considerable correspondence between the number 
of bacilli cultured from within the bags and their histological ap- 
pearance. They are numerous and appear as actively growing 
colonies in the bags situated in normal animals (Fig. 9).- They are 
scanty, poorly growing, and often degenerated within bags that had 
sojourned within the peritoneal cavities of the tuberculous animals 
(Fig. 10). The differences between them are essentially those pre- 
viously described in the subcutaneous agar focus of normal and 
immunized rabbits and guinea pigs. 

Two points however require emphasis. It is clear in this procedure 
that the bacilli frequently grow in vivo by the subdivision of the 
original clump into extremely fine, barely visible, non-acid-fast 
granules and thin short rods from the periphery of which non-acid- 
fast, and acid-fast bacilli bud out in all directions (Figs. 15 and 16). 
Similar observations have been made, as noted above, in the subcuta- 
neous agar focus. 

The tissue membrane that forms about these bags is frequently 
thicker in the normal (Fig. 11) than in the tuberculous animal (Fig. 
12). This is to be associated with the fact that the bacilli gradually 
grow through the collodion which is always saturated with the body 
fluids. Since the growth is much more pronounced within the bags 
in normal animals than in those situated in tuberculous animals, 
this penetration of the bacilli through the surrounding collodion 
is much more frequent and extensive about bags in normal animals, 
and tuberculous changes in the investing membrane surrounding 
these sacs are necessarily much more frequent and conspicuous than 
in the tissue membrane investing the collodion-impregnated silk 
bags remaining in the peritoneal cavities of tuberculous rabbits. 
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SUMMARY AND DISCUSSION 

A comparative analysis of tlie behavior of bacilli of reinfection in 
immunized and sensitized rabbits and guinea pigs, togetlier witli a 
consideration of the associated host responses in the two species, 
reveals that the fate of the bacilli and the immune processes of the 
host are essentiall}^ similar in both. However, the bacilli of rein- 
fection are more effectively fixed at the portal of entry in a sensitized 
and immunized guinea pig than in a comparable rabbit. This has 
been correlated with the degree of allergy developed by tliese two 
types of animals. It is well known that the tissues of a guinea pig 
become more higlily sensitized to the tubercle baciUus than those 
of a rabbit. The contact of the microorganism with the tissues of 
the former exerts far more injury upon them than upon those of tlie 
latter. A more abundant exudate forms in the guinea pig, the 
exuded plasma coagulates and, most significant!}^, thrombosis of 
the adjoining lymph vessels (Fig. 1) quickly shunts off the focus of 
reinfection. It is possible that the thrombokinase released by the 
injured cells may play a part in the observed phenomena. Experi- 
ments are under way testing this conception. In the rabbit, on the 
other hand, the injury of tlie tissues by the bacilli of reinfection is 
much less pronounced, coagulation of the exuded plasma is less 
conspicuous and, particularly, the adjoining lymph vessels remain 
open (Fig. 2). It would seem also tliat the fine sieve formation of 
the clot in the guinea pig (Figs. 3 and 5) as compared with the coarse 
sieve arrangement of the fibrinous network of the rabbit (Figs. 4 
and 6) would also aid in the fixation of substances at the site of in- 
flammation in the former. It is interesting in tliis connection tliat 
the site of a tuberculin reaction in a guinea pig is firm and indurated, 
whereas in a rabbit it is soft and bogg}^ 

That mechanical differences in the diaractcr of the inflammation 
of reinfection in the two species rather than specific immune processes 
are involved in the more effective fixation of the bacilli of reinfection 
in the guinea pig, is suggested by the fact that entirely unrelated 
substances, such as trypan blue and agar particles, arc more effec- 
tively localized at the site of reinfection in the guinea pig than in the 
rabbit. Furthermore in tuberculous guinea pigs at the site of a 
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non-specific inflanunation, blood predpitins accumulate in much 
higher litre than at a similar site in a tuberculous rabbit. The 
predpitin litre of the exudate in a tuberculous guinea pig is several 
times that of the simultaneous litre of its serum. In a tuberculous 
rabbit it is often lower than the serum litre. It is obvious that only 
non-specific characteristics of the inflammation in the two spedes 
can be involved. It is dear, therefore, that allergic inflammation 
in the highly sensitized guinea pig mechanically hinders the spread of 
tubercle bacilli from the site of reinfection. Since the degree of sen- 
sitivity of the infected human being is very much higher than that 
of the guinea pig, it is logical to expect that the infla m mation of 
reinfection in man will have even greater fixing capadties than that 
of a guinea pig. However the character of the fibrinous network in 
man is more like that of a rabbit. The plasma dot of man (Fig. 17) 
forms a network of coarse fibres with large spaces between them. 
Therefore the exact position of man in this relation stiU remains un- 
certain. 

WTnle Rothschild (1) and assodates demonstrated that desensitiza- 
tion with tuberculin does not lessen the immunity of vaccinated 
guinea pigs for a considerable time after reinfection, Willis and 
Woodruff (12) have found that if the desensitized animals are per- 
mitted to die from their reinfection they survive a shorter period, 
develop more extensive pulmonary disease and harbor larger numbers 
of viable tuberde bacilli in their internal organs than allergic aniirvaU 
similarly reinfected but not desensitized. It is difficult to state to 
what extent the resiflts of this treatment with tuberculin are due 
to the removal of the exaggerated inflammatory responsiveness of 
the tissues to the tubercle bacillus. It is dear, however, that the 
administration of this agent interferes to some extent, at least, with 
the immune process. 

The importance of the early dissemination of bacdUi from the 
portal of entrj' is emphasized by the study of the behavior of the 
bacilli at this site. It has been shown that both in rabbits and in 
guinea pigs the bacilli are being effectively destroyed at the portal 
of entrj', at a time when they are multipljmg practically without 
interference in distant internal organs (Text-figs. 1 and 2). It is 
tlic extension of the tuberculous process in the metastatic fod, and 
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not at the site of entry of the microorganism, that is significant for 
the fate of the animal. 

Whether this progressive diminution in the inhibition of the mul- 
tiplication of the bacilli in sites more and more remote from the 
portal of entry is an expression of a graded local immunity, which 
develops most rapidly and intensely at the portal of entr}^ and appears 
later in more distant foci until, at last, the whole organism is im- 
munized, is not so clearly established from these data. It has been 
shown in previous studies that the maximum immunity developed 
by a given organ, such as the lung, is never as effective as tliat of 
the liver. Nevertheless it is suggestive that Stewart (13) has shown 
that tuberculin sensitivity develops earlier and in greater intensity 
in proximity to the primary tuberculous lesion than at a distance 
from it. Again, as has been shown in a posthumous publication of 
Sewall (14), the secondary nodule which results 29 days after reinfec- 
tion of the skin close to the cutaneous primar}^ lesions is much smaller 
than that which results from reinfection of a skin site remote from 
the primary lesion. If the size of the lesions is taken as a measure 
of immunity, it is plain that the immunity in close proximity to a 
primary focus is greater than that at a more remote site in the same 
tissue, even in animals that had harbored tuberculosis for 90 days 
previous to the reinfection; for these were the conditions of the 
experiments cited. It is significant in this connection that McMastcr 
and Hudack (15) have demonstrated that antibodies are at first 
present in higher concentration in the lymph nodes draining the site 
of introduction of the antigen than in the general circulation. 

Numerous attempts have been made to demonstrate in vitro 
bacteriocidal properties of serum derived from animals immunized 
to tuberculosis, but without success. To cite but one experiment, 
Romer and Joseph (16) exposed 0.000,000,1 mg. of tubercle bacilli, 
which was the minimal dose still capable of producing tuberculosis 
in a guinea pig, to the action of 2 cc. of immune serum of a highly 
sensitized sheep for 24 hours without reducing their virulence. It 
has been shown in this study that tubercle bacilli exposed in vivo 
to the body fluids of tuberculous animals within collodion-impreg- 
nated silk bags, in the complete absence of cells (Figs. 11 and 13) 
or any other known bacteriostatic factor, arc markedly inhibited 
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in their growth (Fig. 10) for much more extensive multiplication takes 
place when tubercle bacilli are exposed under identical conditions to 
the body fluids of a normal animal (Fig. 9). The gradual disappear- 
ance of tubercle badUi from acellular caseous foci is a parallel observa- 
tion. On the other hand the inordinate growth and swarming of 
tubercle bacilli in old cell-free caseous foci imdergoing softening 
indicates that other imknown factors may intervene to overcome this 
bacteriostatic property of the body fluids in the i m mune animal. 
To what extent, if any, the local accumulation of antibodies from the 
blood at the site of reinfection in highly sensitized animals aids in 
their local suppression of growth is uncertain. 

The complete absence of cells from these in vivo growth sites of the 
tubercle bacillus has afforded an opportunity to confirm the studies 
of Kahn (17). Under certain conditions, the tubercle bacillus does 
not grow by fission only, but by preliminary subdivision into fine 
non-acid-fast granules from which both non-acid-fast and acid-fast 
bacilli sprout (Figs. 15 and 16). It is perhaps this non-acid-fast 
state of the bacilli which may explam the incongruity often observed 
between cultural and inoculation methods on the one hand, and 
histological procedures on the other, in the demonstration of tubercle 
bacilli. 


CONCLUSIONS 

1. The fate of bacilli of reinfection at the portal of entry and in 
metastatic foci, and also the associated host responses, are essentially 
similar in rabbits and guinea pigs. 

2. However, in the guinea pig tubercle bacilli of reinfection are 
more effectively fixed at the portal of entry than in the rabbit. 

3. The guinea pig fixes at the site of reinfection unrelated sub- 
stances, such as trypan blue and agar particles, more effectively 
than the rabbit. 

4. At the site of a local non-specific inflammation precipitins from 
the circulating blood accumulate in higher concentration in tuber- 
culous guinea pigs than in tuberculous rabbits. 

5. These differing fixing capacities of the two species are associated 
uith differences of extracellular character in the inflammation re- 
sulting from reinfection, (o) In the guinea pig, whose tissues are 
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highly, sensitized and greatly injured by the tubercle bacillus, the 
lymphatics adjoining the site of reinfection become thrombosed. 
In the rabbit whose tissues are moderately sensitized and less injured 
by the tubercle bacillus the corresponding lymphatics remain open. 
(Z>) In the guinea pig the fibrinous network at the site of inflammation 
forms a fine sieve-like structure. In the rabbit this network forms a 
coarse sieve-like barrier. 

6. In rabbits and guinea pigs primarily infected, the destruction of 
tubercle bacilli takes place first and most extensively at the portal 
of entry. At this time they are less effectively destroyed in the 
nearest metastatic foci. Simultaneously they are still growing with- 
out hinderance in such foci in remote internal organs. 

7. The cell-free body fluids of normal animals support the growth 
of tubercle bacilli in vivo. The body fluids of tuberculous animals 
under the same conditions are bacteriostatic for this microorganism. 

8. Tubercle bacilli often multiply by preliminary subdivision into 
non-acid-fast granules, from which the acid-fast rods sprout. This 
confirms the work of Kahn. 
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EXPLANATION OF PLATES 

All sections were prepared from tissues stained with hlasson’s trichrome pro- 
cedure except those depicted in Figs. 9, 10, 13, 14, 15 and 16 which were stained 
by the Ziehl-Neelsen method, and counterstained with hemato.xylin. The mag- 
nifications given are approximate. 

Plate 32 

Fig. 1. Thrombosed lymphatic at the site of inoculation of a BCG vaccinated 
guinea pig, 1 day after reinfection. The lymph node draining this focus was 
sterile. X 700. 

Fig. 2. Open lymphatic at the site of inoculation of a tuberculous rabbit, 1 
day after reinfection. A few coarse fibrin threads are present witliin the lumen. 
The lymph node draining this focus yielded 16 colonies. X 700. 

Fig. 3. The fibrinous exudate at the site of reinfection in the sensitized guinea 
pig shown in Fig. 1. The fibrin threads are fine and the spaces between them 
are small, forming a dense sieve-like structure. X 700. 

Fig. 4. The fibrinous e.xudate at the site of reinfection in the sensitized rabbit 
shown in Fig. 2. The fibrin threads arc bulky and the spaces between them arc 
large, forming a coarse sieve-like structure. X 700. 
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Fig. 5. Clotted plasma of a normal guinea pig. The closely lying fine fibrin 
threads form a dense network. X 700. 

Fig. 6. Clotted plasma of a normal rabbit. The bulky dispersed fibrin threads 
form a coarse network. X 700. 

Fig. 7. The capsule surrounding the agar focus in vaccinated guinea pig 
18-2, 2 weeks after reinfection. Fibrillar intercellular substance is conspicuous. 
X 700. 

Fig. 8. The capsule surrounding the agar focus in tuberculous rabbit 14-3, 2 
weeks after reinfection. Intercellular substance is very scant. X 700. 
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Plate 34 

Fig. 9. Tubercle bacilli growing in small bag placed in normal rabbit 5, after 
2 weeks stay in the peritoneal cavity. 160,000 colonies were recovered from 10 
mg. of agar within this bag. Ratio between number of colonies in bag and that 
in original inoculum, 19.1. X 700. 

Fig. 10. Tubercle bacilli growing in small bag placed in tuberculous rabbit 
E 3-9 simultaneously with that placed in normal rabbit 5,. shown in Fig. 9, after 
2 weeks stay in the peritoneal cavity. 1000 colonies were recovered. Ratio 
between number of colonies in bag and that in original inoculum, 0.1. X 700. 

Fig. 11. Thick membrane investing collodion-impregnated bag placed in 
normal rabbit 4, after 14 days stay in the peritoneal cavity. The leukocytes 
come up to the collodion but do not pass through. Ratio between number of 
colonies recovered from agar within this bag and that from original inoculum, 
285.7. X 160. 

Fig. 12. Thin membrane investing the collodion-impregnated bag placed in 
tuberculous rabbit 31-0 simultaneous!}' with bag placed in normal rabbit 4 shown 
in Fig. 11, after 14 days stay in the peritoneal cavit}'. From above downwards 
the following structures are encountered: the tissue membrane investing the bag, 
the collodion on the outside of the silk threads, the silk threads cut across, the 
inner layer of collodion, and the acellular agar within the bag. Ratio between 
number of colonies recovered from agar within this bag and that from original 
inoculum, 6.7. X 160. 

Fig. 13. Growth of tubercle bacilli within collodion-impregnated silk bag 
placed in normal guinea pig 15-2, after 4 weeks stay in the peritoneal cavity. 
Cells are completely absent. The colonies of tubercle bacilli arc limited chiefly 
to a narrow zone on the periphery of the unbroken agar adjoining the sac, which 
was below the figure. The growth is scant in the deeper regions. X 160. 

Fig. 14. The periphery of a caseous lymph node of a rabbit injected with bo- 
vine tubercle bacilli. The microorganisms arc present in large numbers near the 
edge of the node close to the fibrous capsule, which is situated to the right of 
this figure. The bacilli arc fewer in the deeper layers of the node. X 700. 

Fig. 15. Colony of tubercle bacilli growing in bag placed in normal rabbit 
4 after 14 days stay in the peritoneal cavity. The light particles in the center 
arc non-acid-fast granules. The dark rods arc short acid-fast bacilli sprouting 
from the periphery of the granular body. X 1500. 

Fig. 16. Colonics of tubercle bacilli growing in same bag as in Fig. 15. Long, 
dccpl}' acid-fast, dark rods arc seen radiating from a centrally situated light, 
non-acid-fast, faintly granular body. X 1500. 

Fig. 17. Clotted human plasma. The network formed by the fibrin resembles 
that of a rabbit shown in Fig. 6. X 1500. 
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STUDIES ON THE MECHANISM OF IMMUNITY IN 
TUBERCULOSIS 

The Mobilization of Mononhcleah Phagocytes in Normal and 
Immunized Animals and Their Relative Capacities for 
Division and Phagocytosis 

By max B. LURIE ,* M.D. 

{Prom The Henry Phipps Institute, University of Pennsylvania, Philadelphia) 

Plates 35 asd 36 
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It is generally recognized that the lesion of reinfection in tubercu- 
losis diSers from that of the primary infection by the acceleration and 
intensification of the immediate inflammatory reaction, by the quick- 
ened formation of nodule and tubercle and by their abortive nature. 
In previous studies (1) it was concluded that the most significant factor 
in the mechanism of immunity to tuberculosis is the rapid mobilization 
of mononuclear phagocytes with an increased physiological capacity 
to destroy or inhibit the growth of tubercle bacilli; the more rapid 
formation of epithelioid tubercles and their ready resolution were 
attributed to these factors. Recently Dienes and Mallory (2) have 
also shown that normal guinea pigs respond with an exudation of 
polymorphonuclears to the introduction of tubercle bacilli, but, 
following tuberculous infection, and synchronously with the develop- 
ment of hjqjersensitivity to tuberculin, the reinjection of this micro- 
organism elicits a predominantly mononuclear reaction. These 
investigators therefore consider the quickened mobilization of these 
phagocytes as the result of the allergic state. 

The chief present endeavor was to elucidate the mechanism of this 
accelerated mobilization of mononuclears which characterizes the 
response to reinfection of the tuberculous or allergic animal. 

The old studies of Muller (3), the more extended observations of 
Opic (4), and the recent investigations of Weiss (5) have indicated 
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that the proteolytic enzyme of polymorphonuclears, leukoprotease, 
is active in a neutral or slightly alkaline medium. Lymphoprotease, 
the enzyme derived from mononuclear phagocytes, is active in an 
acid medium. Menkin (6) correlated the leukocytic formula and the 
pH of the medium during the course of an acute inflammation. He 
found that the polymorphonuclears persist in an exudate the pH of 
which is above 7.0. When the pH level falls to 6.9 or 6.8 the mono- 
nuclears predominate. Therefore it seemed pertinent to determine 
whether the more ready mobilization of the mononuclear phagocytes 
in the immune animal may not be associated with a more acid reaction 
at the site of reinfection than at the site of a primary infection. Fur- 
thermore, since it was found that in the acellular areas of a subcu- 
taneous agar focus containing tubercle bacilli, the microorganism 
fails to grow in the body fluids of the immune animal (1, 1936), it 
was thought possible that a local tissue acidosis (7) might conceivably 
develop at the site of reinfection which would account for the bac- 
teriostasis. This seemed the more plausible since Dernby and Avery 
(8) found that acidity in vitro was bacteriostatic for pneumococci, 
and since, furthermore, as had been determined by Lord and Nye (9), 
a pH lower than 6.8 will kill pneumococci in vitro. Therefore the 
follo\ving experiments were performed. 

The pB at the Site of Reinfection and the Fate of the Bacilli 

6 per cent agar in saline, adjusted to pH 7.4, was melted, cooled to S0°C., 
mixed with a suspension of virulent bovine tubercle bacilli and injected sub- 
cutaneously into normal and tuberculous rabbits. Normal guinea pigs and guinea 
pigs vaccinated with the attenuated tubercle bacillus, R 1, received a similar 
mixture of agar and tubercle bacilli in one flank and the same amount of melted 
agar without tubercle bacilli in the opposite flank. At different intervals of time 
following the injection, the rabbits were lightly anesthetized with ether and the 
guinea pigs with sodium amytal. The skin over the agar focus was quickly 
reflected and, with dr>' scissors, snips of agar were removed and immediately 
submerged in liquid petrolatum. The pH of this agar was determined by the 
method of Hastings and Sendroy (10). 

It can be seen from Table I that up to the 2nd week following in- 
oculation, the pH of a subcutaneous agar focus containing virulent 
tubercle bacilli was distinctly lower in the tuberculous rabbit or the 
vaccinated guinea pig than in the corresponding normal control. 
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That this greater acidity at the site of reinfection than at the site of 
a primary inoculation is not to be associated with the vaiyong be- 
havior of the tubercle bacilli in the normal and i mm u niz ed animals is 
suggested by the observation that even in the absence of tubercle 
bacilli the pH of an agar focus in vaccinated guinea pigs was lower 
than in normal animals. Similar differences were noted in the pH 
of the contents of collodion-impregnated silk bags placed in the peri- 
toneal cavities of normal and tuberculous rabbits (11). 

Although the hydrogen ion concentration was definitely lower at 
the site of reinfection than at the site of a primary inoculation, the 


TABLE I 

The pE of a Subcutaneous Agar Focus with and without Tubercle Bacilli in Normal 
and Immunized Rabbits and Guinea Pigs 


Intezval after injection 
of agar 

A^rar focus with 
tubercle badlii in rabbits 

Agar focus with 
tubercle bacilli in guinea 
pigs 

1 Agar focus without 
tubercle bacilli in guinea 
pigs 

Normal 

Tubercu* 

lous 

Normal 

Vaccinated 

Normal 

Vaccinated 

1 day 

7.S5 

7.30 

7.40 

7.25 

7.15 

6.85 

3 days 

— 

— 

7.20 

6.S5 

6.95 

6.70 

1 wk 

7.35 

7.05 

7.00 

e.EO 

7.15 

6.70 

2 wks 

7.20 

7.10 

6.90 

7.05 

6.85 

7.00 


difference was only about 0.2 of a pH. It does not seem likely that 
this difference can play a significant role in the inhibition of growth of 
tubercle bacilli in the immimized animals, especially since Long (12) 
found no difference whatsoever in the growth energy of tubercle bacilli 
between pH 6.4 and 7.8; and even the pneumococcus is injured by a 
low pH only in the absence of body fluids, but, in their presence, it 
survives and multiplies at a pH of 5.5 (13). 

The pH al the Site of Inflamnialion and the Mobilization of Monmiiiclears 

\^Tiile the greater acidity at the site of reinfection does not explain 
the inhibition of grorvth of tubercle bacilli in the immunized animals, 
does it account for the more rapid appearance of mononuclear phago- 
cytes in ^ese foci? If the pH of the medium in an acute inflammation 
is a significant factor in the mobilization of the cells it should follow 
from the considerations noted above that sensitized guinea pigs would 
respond to a non-specific irritant with an exudate containing more 
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mononuclears than normal animals, since it was found tliat even in 
the absence of tubercle bacilli the site of a local inflammation in a 
vaccinated guinea pig is more acid than a similar site in a normal 
animal. 


TABLE n 


The pH of the Exudate and Its Leukocytic Formula after an Intrapleural Injection of 
Aleuronat-Starch, together with the Simultaneous Leukocytic Formula 
of the Blood in Normal and Sensitized Guinea Pigs 


Interval 

after 

injection 

Guinea pig No. 

pH of 
exudate 

Leukocytic formula of 
exudate 

Simultaneous leukocytic 
formula of the blood 

Normal 

Sensi- 

tized 

Normal 

Sensitized 

Normal 

Sensitized 

Normal 

Sensitized 

W 

8 

» 

C 

ti 

o 

Non-granulo- 

cytes 

Granulocytes 

Non-granulo- 

cytes 

Granulocytes 

Non-granulo- 

cytes 

Granulocytes 

i 

*3 

c 

a 

o w 

1 day 


18-6 B* 


6.6S 

96.4 

3.6 

79.0 


69.0 

31.0 

55.6 

44.4 

M (1 

32-2 

r 


6.95 

93.0 



56.5 

63.0 

37.0 

78.0 

22.0 

H ti 

A 

4* 

7. is 

6.95 

96.0 



31.5 

85.0 

UiM 

51.0 

49.0 

« (( 

19-2 

30-0' 


7.00 

8S.0 

12.0 


12.5 

30.0 

70.0 

63.0 

37.0 

tl II 

10-2 

10-3t 


7.10 

91.2 

8.8 

86.7 

13.3 

55.5 

BQ 


26.0 

II 11 

11-0 

10-6t 

7.10 

6.75 

86.8 

13.2 

78.1 

21.9 




31.0 

II It 

49 

40t 

7.30 

7.10 

87.5 

12.5 

80.0 

20.0 


nn 



II II 


41t 


7.10 



67.5 

32.5 


■ 



Average 



7.20 

6.95 

91.2 

8.8 

73.8 

26.1 

60.4 

39.6 

65.1 

34.9 

2 days 

49 

40t 


7.35 

79.0 

21.0 

72.3 

27.7 





it If 


41t 


7.15 



38.5 

61.5 





3 " 

10-2 

151 


7.20 

88.5 

m 

78.5 

21.5 


70.0 

39.3 

60.7 

II II 

11-0 

mi 


6.70 

71.3 

H 

66.2 

33.8 

41.0 1 

59.0 

34.0 

66.0 


* Tuberculous guinea pigs, 
t R 1 vaccinated guinea pigs. 


For this purpose a group of normal and sensitized guinea pigs were injected 
intrapleurally with a mixture containing 5 per cent alcuronat and 3 per cent 
starch. At different inter\’als thereafter the exudate was withdrawn and its pH 
was immediately determined by the method of Hastings and Sendroy. Simul- 
taneously smears were made of this exudate as well as of the venous blood, 
in order to determine whether there was any correlation between the pll of the 
e.\udate and its leukocytic formula, and also, whether the cells in the c.ruclate 
were a reflection of those circulating in the blood. The smears were prepared 
with Wright’s stain according to Osgood’s modification (14). At least 200 cells 
were counted for differentiating the cells. 
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It can be seen from Table 11 that actively tuberculous and R 1 
vaccinated guinea pigs mobilized mononuclears much more quickly 
than normal animals, even in response to a non-specific irritant. 
Thus, in 7 normal animals, 24 hours after injection, the non-granu- 
locytes constituted an average of 8.8 per cent of the mobilized cells. 
Under the same conditions these cells constituted 26.1 per cent in 
sensitized animals. Furthermore the lead that the mononuclears 
attained in the exudate of the sensitized animal on the 1st day after 
the onset of the inflamm ation was maintained on the 3rd day, when the 
mononuclears were stiU present in greater percentage in the exudate 
of the allergic animal. As can be seen from the last four columns of 
this table the' cell constituents of the circulating blood bore no con- 
stant relation to the exudate cells. The latter, therefore, were not 
solely determined by the cells circulating in the blood. 

While the pH of the exudate of vaccinated or tuberculous guinea 
pigs was almost always definitely, though only slightly, more acid 
than a similar exudate in normal guinea pigs, and though corre- 
spondingly the mononuclears were also more munerous in the exudate 
of the sensitized animal, the relationship was not an exact one. Thus 
on the 2nd and 3rd days following the onset of the inflammation the 
mononuclears had replaced a large number of the granulocytes origin- 
ally present in the exudate of both normal and sensitized animals. 
However there was no corresponding reduction in the pH of the ex- 
udate, a fact suggesting that other factors also must be responsible 
for their appearance at the site of inflammation. 

Similar observations have been made in rabbits. Table IH shows 
that the mononuclear phagocytes were mobilized at the site of a 
non-specific inflammation with greater rapidity in a tuberculous than 
in a normal rabbit. The pH of the exudate, however, did not differ 
significant!}'. Obviously, therefore, the pH of the exudate is not the 
determining factor for the type of cell mobilized. I\or were the cells 
of the e.xudate a reflection of those circulating in the blood at that 
time. Again, as was found in the guinea pig, so also in the rabbit, 
even on the 3rd day following the onset of the infl ammation the mon- 
onuclears were still present in greater percentage in the exudate of 
tuberculous than of normal animals. It is plain, therefore, that both 
sensitized rabbits and guinea pigs mobilize mononuclear phagocj’tes 
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more readily than normal animals, in response not only to specific 
reinfection but also to a non-related irritant. Furthermore the pH 
of the exudate bears no constant relationship to the mobilization of 
these cells. 


TABLE ni 


The pB. of the Exudate and Its Leukocytic Formula after an Intrapleural Injection 
of Aleuronat-Starch, together with the Simultaneous Leukocytic Formula 
of the Blood in Normal and Tuberculous Rabbits 


Interval 

after 

, injection 

Rabbit No, 

pH of 
exudate 

Leukocytic formula of 
exudate 

Simultaneous leukocytic 
formula of blood 

Normal 

Tubercu- 

lous 

Normal 

Tuberculous 

Normal 

Tuberculous 

HBI 

Bma 

Granulocytes 

Non-granulo- 

cytes 

Granulocytes 

Non-gianulo- 

cytes 


Non-granulo- 

cytes 

Granulocytes 

Non-granulo- 

cytes 

1 day 

E2-19 

Bii3-12 

7.15 

B9 

98.5 

1.5 

83.5 

16.5 

73.0 

27.0 

84.0 

16.0 

<f <( 

E2-18 

A3i-3 

7. OS 


90.5 

9.5 

60.0 

40.0 

68.0 

32.0 

51.0 

liSjl 

(( <( 

G3-18 

Di3-13 

7.25 

Rg 

86.5 

13.5 

74.5 

25.5 

57.0 

43.0 

48.0 

52.0 

li l( 

17-0 

396 

7.20 

7.25 

85.0 

15.0 

65.0 

35.0 

22.0 

78.0 

29.0 

71.0 

4( H 

16-9 

7 

7.20 

7.00 

84.0 

16.0 

91.3 

8.7 

27.0 

73.0 

48.0 

52.0 

tt H 

C-38 

A3i-6 

6.95 

7.20 

92.5 

7.5 

89.0 

11.0 

86.0 

14.0 

56.0 

44.0 

it ii 

— 

A3i-5 

— 

7.15 



45.0 

55.0 

^^9 


44.0 

56.0 

H ti 

52 

Bis-2 

7.40 

7.25 

95.0 


KM 

41.0 





n tt 

G2-12 

4 

6.95 

7.05 

93.6 

MB 

wm 

28.9 






G2-19 

S 

6.95 

Ba 

90.0 

10.0 

79.7 

21.3 





<t It 

G2-24 

BH3 

6.95 


90.6 

9.4 

54.1 

45.9 





ft tt 

G2-28 

— 

6.95 


87.2 

12.8 


— 

H 

■ 

■ 

■ 

Average . . . 



7.09 

7.13 

90.3 

D 

70.2 

29.8 

55.5 

44.5 

51.4 

48.6 

2 days 

G2-12 

4 

7.10 

7.15 

60.9 

39.1 

38.6 

61.4 





tt tt 

G2-28 

5 

6.95 

7.05 

68.9 

31.1 

59.4 

40.6 






— 

BH3 

— 

7.25 

— 

— 

31.9 

68.1 





3 " 

G2-19 

5 

7.35 

7.00 

23.6 

76.4 

22.5 

77.5 





II II 

G2-28 

4 

7.20 

7.15 

22.1 

77.9 

19.8 

80.2 





It It 

G2-24 

BH3 

7.25 

7.30 

36.5 

63.5 

10.2 

89.8 




_ 


Capacity for Division and Phagocytosis of Mononuclears Derived from 
Normal and Immunized Animals 

Preliminar}^ observations both in rabbits and guinea pigs indicated 
that not only do the mononuclears appear earlier at the site of inflam- 
mation in a tuberculous than in a normal animal, but the lymphocytes 
also accumulate more rapidly in the former. It would seem that the 
entire succession of cells that characterizes inflammation in general 
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is accelerated in tlie tuberculous aiumal irrespective of tbe nature of 
tbe irritant. Again the mononuclears in the exudate of a tuberculous 
anim al more frequently contained ingested polymorphonudears, 
which were more often in advanced stages of disintegration than those 
of a normal animal. This increased phagocytosis, however, may be 
due not to the enhanced physiological activity of these cells, but to 
the more rapid deterioration that the polymorphonudears undergo 
in the commonly more acid medium of the exudate in the tuberculous 
animal, as suggested by the work of Evans (15). Hence more of them 
are available for phagocytosis in the sensitized than in the normal 
animal, for injured cells are more readily phagocyted than normal 
ones. Yet, the mobilized mononuclears in the immune animal were 
often larger and more frequently binucleate than those in the exudates 
of normal animals. These and other considerations suggested that 
the differences observed may all be an expression of a heightened 
physiological activity on the part of these cells in a sensitized animal 
as compared with that of the mononuclears in a normal animal. 

In Vivo Cell Division and Phagocytosis by Mononuclears in Normal and 

Immunized Animals 

To test the foregoing assumption groups of normal, actively tuber- 
culous and R 1 vaccinated guinea pigs were given a mixture of aleur- 
onat-starch and India ink intrapleurally. The injection was made in 
pairs, a normal and a sensitized animal recemng an identical amount 
of the same materials. On the 2nd day after the injection the exudates 
of the sensitized and the normal animals were withdrawn, stained in 
the usual manner and the following observations made : the percentage 
cell distribution, the per cent of mononuclears containing ingested 
carbon, the amount of carbon present per cell, the incidence of binu- 
cleated or multinucleated cells and the occurrence of mitotic figures. 

Table W indicates that both tuberculous and vaccinated guinea 
pigs responded with a greater percentage of mononuclears on irritation 
with a mixture of aleuronat-starch and India ink than normal animals, 
just as they reacted to aleuronat alone. A larger percentage of the 
mobilized mononuclears phagocyted carbon particles than those in 
a normal guinea pig. The indhidual mononuclears of the sensitized 
ammals engulfed more carbon than those in the normal animal. 



586 


MECHANISM OP IMMUNITY IN TUBERCULOSIS 


TABLE IV 

The Leukocytic Formula, the Intensity of Phagocytosis and the Incidence of Mono- 
nuclear Division in the Pleural Exudates of Normal and Sensthced Guinea 


Tuberculous, 
vaccinated or 
normal 

Granulo- . 
cytes * 

Tuberculous 

per cent 

47.0 

Normal 

97.0 

Tuberculous 

57.6 

Normal 

94.6 

Tuberculous 

64.0 

Normal 

93.6 

Tuberculous 

72.5 

Normal 

84.5 

Normal 

82.5 

Tuberculous 

81.0 

Normal 

81.0 

Tuberculous 

61.5 

Normal 

77.0 

Tuberculous 

68.0 

Normal 

78.5 

Tuberculous 

79.0 

Normal 

93.0 

Vaccinated 

67.7 

Normal?! 

67.8 

Vaccinated 

57.5 

Normal! 

61.0 

Vaccinated 

67.0 

Normal! 

72.0 

e Tuberculous 

65.7 

Normal 

81.9 




llono- 

nuclears 

phago- 

cyting 

carbon 

Phago- 
cytes with 
coarse 
particles 
or aggluti- 
nated 
masses of 
carbon 

Binucle- 
ated or 
multi- 
nucleated 
mono- 
nuclears 

Presence 
of mitotic 
figures 

per cent 

per cent 

per cent 


91.2 

79.0 

9.2 

-b 

45.5 

46.0 

6.0 

+ 

92.0 

87.0 

8.0 

+ 

46.0 

45.0 

3.0 

0 

55.0 

70.0 

11.5 

+ 

48.7 

49.0 

8.2 

-b 

88.0 

79.0 

28.0 

+ 

28.0 

35.7 

15.0 

0 

52.0 

46.1 

7.0 

— 

66.0 

4.9* 

19.0 

•b 

45.0 

5.0* 

11.0 

0 

63.0 

9.3* 

29.0 

- 

46.0 

6.4* 

30.0 


92.0 

12.6* 

33.0 

+ 

72.0 

7.5* 

28.0 

0 

53.0 

6.2* 

29.0 

0 

43.0 

7.7‘ 

25.0 

+ 

85.6 

84.0 

7.8 

-b 

81.5 

71.0 

7.2 

-b 

83.5 

46.0 

16.0 

+ 

66.0 

69.1 

9.0 

0 

80.0 

69.5 

21.0 

+ 

68.0 

63.3 

10.0 

0 

77.2 

73.5 

19.2 

- 

53.5 

53.7 

13.3 



Non- 

ranulo- 

cytes 


S3.0 

3.0 

42.4 

5.4 

36.0 

6.4 

27.5 

15.5 

17.5 

19.0 

19.0 

38.5 

23.0 

32.0 

21.5 

21.0 

7.0 

32.3 

32.2 

42.5 

39.0 

33.0 

28.0 


• Number of carbon particles per c . of cervical nocks. 
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This ingested carbon was also found in coarser aggregates in the former 
(Figs. 1 and 2). The incidence of both amitotic and mitotic division 
was greater in the sensitized than in the normal guinea pigs (Fig. 3). 

A statistical analysis of the data presented in this table showed that 
the probability, P, that the observed difference in the phagocytosis of 
carbon particles was not due to random sampling is 99.9 per cent. 
This and similar figures reported in this paper were calculated from 
the “Student” /-distribution curve as given by Fisher (16) and from 
the tabulated values of P as published by Yule and Kendall (17). 

TABLE V 

The Leukocytic Formula, the Intensity of Phagocytosis and the Incidence of Mono- 
nuclear Cell Division in Normal and Tuberculous Rabbits Z Days after 
Intrapleural Injection of India Ink and Aleuronat-Slarch 


Rabbit Is o. 

Komal or tuberculous 

GranuloQTtcs 

Non- 

granulocytes 


Bmucleated or 

multinucleated 

mononuclears 

DM-3 

Tuberculous 

per cent 

4S,Z 

per cent 

54.7 

per cent 

2S.0 

per cent 

23.0 

20-S 

Normal 

75.2 

24.8 

12.5 

I.O 

y-4 

Tuberculous 

«.7 

56.3 

38.0 

8.0 

2(^7 

Normal 

63.2 

36.8 

40.0 

1.0 

DJI-l 

Tuberculous 

53.7 

46.3 

33.0 

35.0 

2(M 

Normal 

70.3 

29.7 

16,5 

1.5 

FM-3 

Tuberculous 

51.2 

45.8 

40.7 

24.0 

20-6 

Normal 

<4.4 

55.6 

46.5 

4.5 

Average 

Tuberculous 

45.5 

51.5 

34.0 

22.5 


Normal 

63.3 

36.7 

28.9 

2.0 


The value of P from the incidence of binudeated or multinucleated 
cells is 92. 

Similar experiments in normal and tuberculous rabbits are sum- 
marized in Table V. It is seen that in rabbits also the incidence of 
binudeated or multinucleated mononudears in the exudate of tuber- 
culous animals was much greater than that found in the exudates of 
the normal. The value of P is 99.4. No significant difference in the 
phagocytosis of carbon by these cells was found. 

perefore it seems evident that the mononudears of sensitized 
guinea pigs and rabbits respond in vivo with a greater degree of cell 
division to a non-specific irritant than those of normal animals. 
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This increased tendency for division on the part of mononuclears of 
a tuberculous animal may be held, at least in part, responsible for 
the more rapid mobilization of these cells in response both to a specific 
and to a non-specific irritant. That the phagocytic properties of 
the mononuclears of the sensitized guinea pigs are also increased is 
suggested by the fact that a greater percentage of these cells are 
engaged in phagocytosis of carbon in vivo and that a majority of these 
cells in the sensitized animal engulf a larger amount of carbon than the 
cells in normal animals. However, the evidence is not conclusive, 
for it has been demonstrated that carbon introduced into tlie tissues 
of tuberculous animals agglutinates to a greater degree than in a nor- 
mal animal (1, 1936). Therefore the enhanced phagocytosis observed 
may be due to the different dispersion of the carbon particles in the 
tuberculous or vaccinated animal rather than to the increased physi- 
ological capacity for phagocytosis. Hence in viiro experiments with 
cells washed free of their body fluids, and in the presence of serum 
derived also from normal animals, are essential to test this conclusion. 

In Vitro Phagocytosis of Carbon Particles by Mononuclears Derived 
from Normal and Immunized Guinea Pigs 

Accordingly in vitro phagocytosis experiments were set up with 
mononuclears derived from normal, actively tuberculous and vac- 
cinated guinea pigs. The method used is essentially that described 
by Lucke, Strumia, Mudd, McCutcheon and Mudd (IS), with slight 
modifications. 

Briefly, 20 to 40 cc. of light mineral oil were injected intraperitoncally into a 
normal, an R 1 vaccinated or a tuberculous guinea pig. The injection was exe- 
cuted in pairs, a normal and a sensitized animal receiving an identical amount 
of the same substance. From 4 to 8 days thereafter 100 cc. sterile 0.4 per cent 
sodium citrate in 0.85 per cent sodium chloride (19) was injected intraperitoncally. 
The animal was then quickly killed. The cells were removed and, after separation 
of the oil, were centrifuged at low speed, decanted, washed in saline and centri- 
fuged again at the same speed. The cells derived from both animals were counted 
and adjusted with saline to contain the same number per cubic millimeter. Supra- 
ritkl preparations with neutral red were made of each exudate used for the phago- 
cytosis c,xperimcnts. 

Into each of two sterile tubes, 7.5 X 1.0 cm., was pipetted a given volume of 
cells derived from the normal animal, and into two other tubes was placed the 
same volume of cells from the immunized animal. To one of each of these pairs 
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was added an amount of fresh or inactivated serum of a given dilution derived 
from the normal animal; to the other was added an identical amount of a similar 
serum of the same dilution derived from the sensitized animal of the same experi- 
ment. To each of these four tubes was now added the same volume of the same 
dilution of India ink. The tubes were stoppered with sterile paraffined corks, 
and rotated at 37°C. in the incubator on the machine described by Lucke (18) 
for 20 to 30 minutes at 5 to 8 revolutions per minute. The tubes were then im- 
mediately plunged into ice water to stop phagocytosis. Smears were made and 
stained as previously described. At least 200 cells were counted to determine 
the percentage distribution of cells in the mixture. A minimum of 100 mono- 
nuclears was counted to determine the percentage of cells engaged in phagocytosis 
of carbon particles, and at least SO of the cells with ingested particles were ex- 
amined for the amount of carbon they contained. Table VI presents the essential 
observations. 

It should be noted first in appraising the results that usually the exudates 
derived from normal animals contained more cells than those derived from the 
actively tuberculous or vaccinated guinea pigs. The mononuclears of the im- 
munized animals were usually larger, with more abundant cytoplasm, and, in 
supravital preparations, frequently contained more prominent neutral red granule 
than those derived from normal animals. Often these vacuoles were tinted more 
yellow in the “immune” cells, a fact indicating a higher hydrogen ion concentration 
within their cytoplasm. In many cases the pseudopodia of the imm une cells 
were sensibly more prominent than those of mononuclears derived from normal 
animals. These observations suggest a greater physiological activity on the 
part of the mononuclears derived from sensitized animals. 

It will be noted in the third column that the number of mononuclears in each 
phagocytic mixture of a given experiment was similar for the normal and immune 
cells in the majority of instances. The lymphocytes were usually more numerous 
in the exudates derived from immunized than those from normal animals, just as 
was found previously with aleuronat-starch as the inflammatory irritant. This 
fact tended to lower somewhat the reported percentage of cells engaged inphago- 
c>-tosis in the mixtures derived from innumized animals. For it was not always 
possible to differentiate with cerUintj' large lymphocytes, which are rarely 
phagocytic, from mononuclear phagocytes in stained smears, which were the 
basis for the estimate of their phagocytic rates. 

From the fifth colunm it is e\'ident that in 9 out of 12 experiments, in the pres- 
ence of serum derived from the normal animal of a given pair, a significantly 
larger percentage of mononuclears derived from immunized guinea pigs were 
engaged in phagocj'tosis of carbon than mononuclears derived from normal 
animaU under identical conditions, P being 93 and 99 for mononuclears derived 
respectively from tuberculous and vaednated guinea pigs. Furthermore, as may 
be seen from the next column, the amount of carbon ingested by the average 
immune mononuclear was greater than that engulfed by normal mononuclears 
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TABLE VI 


In Viiro Phagocylosis of Carbon Particles by Mononuclears Derived from Normal and Sensi- 
tized Guinea Pigs 


Guinea pig and experiment 

No. 

Tuberculous, vaccinated or 
normal 

Number of mononuclears per 
c.mm. in phagocytic mixture 

Serum dilution 

Phagocytosis in normal serum 

Phagocytosis in immune scrum 

Mononuclears phago- 
cyting carbon 

Number of carbon 
particles per cell 

Number of carbon 
particles in 100 cells 

Ratio between amount 
of carbon phagocyted 
by 100 immune and 
100 normal cells 

Mononuclears phago- 
cyting carbon 

Number of carbon 
particles per cell 

Number of carbon 
particles in 100 cells 

Ratio between amount 
of carbon phagocyted 
by too immune and 
100 normal cells 





fer ant 




per cent 




13,1 

Tuberculous 

12,300 

Undiluted 

96.0 

14.0 

1344 

1.81 

92.0 

13.6 

1251 

0.98 

6.1 

Normal 

5000 

H 

75.0 

9.9 

742 


85.0 

15.1 

1283 


84,2 

Tuberculous 

12,350 

u 

89.5 

22.0 

1969 

1.99 

95.0 

26.0 

2470 

2.29 

9,2 

Normal 

12,800 

<t 

82.5 

12.0 

990 


82.0 

13.3 

1090 


30-0,3 

Tuberculous 

19,200 

l!l0 

85.0 

13.3 

1130 

3.91 

96.0 

16.4 

1574 

5.14 

43-7,3 

Normal 

18,250 

<1 

85.0 

3.4 

289 


6S.0 

4.5 

306 


36-0,4 

Tuberculous 

11.500 


97.0 

17.1 

1658 

2.07 

95.0 

17.0 

1615 

3.04 

41-0,4 ' 

Normal 

14,300 

<<« 

87.0 

9.2 

800 


78.0 

6.8 

530 


36-2,5 

Tuberculous 

22,900 


97.0 

11.0 

1067 

1.09 

90.0 

7.3 

657 

1.77 

41-3,5 

Normal 

30,600 

<<« 

96.0 

10.2 

979 


79.0 

4.7 ] 

371 


37-0,6 

Tuberculous 

36,000 

if 

86.0 

1 

4.3 

369 

1.57 

93.0 

3.1 

28,5 

0.9.5 

42-0,6 

Normal 

36,000 

if 

90.0 

2.6 

234 


84.0 

3.5 

291 


36-1,7 

Tuberculous 

3900 

Undiluted* 

82.0 

18.5 

1517 

1.74 

83.0 

18.2 

1510 

I.6t 

41-1,7 

Normal 

8800 

<f • 

67.0 

13.0 

871 

1 

72,0 

13.0 

1 

936 


18-6,8 

Vaccinated 

12,200 

a 

94.5 




92.0 

t 



78,8 

I Normal 

1 17,700 

1 

(4 

75.0 




65.0 




18-2,9 

Vaccinated 

7500 

if 

79.0 




84.8 




40-1,9 

Normal 

8700 

If 

67.6 




76.9 




18-1,10 

Vaccinated 

18,170 

44 

85.0 




92.2 




40-1,10 

Normal 

8700 

li 

67.6 




76.9 




17-8,11 

Vaccinated 

9800 

41 

82.5 

t 



87.3 

t 



79,11 

Normal 

10,100 

44 

65.9 




70.1 




19-0,12 

Vaccinated 

20,700 

1:10 

93.0 

6.7 

656 

1.19 

95.0 


m 

1.93 

43-6, 12 

Normal 

15,800 

41 

85.0 

6.5 

552 

1 

86.0 

5.2 1 

417 

— 


* Scrum inactivated at S6°C. for J $ hour. 

t On the average these cells contained more and coarser carbon particles than those of their cor 
responding controls. 
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The final estimate of the phagocytic capadty of these cells was obtained by 
determining the number of particles that were ingested by 100 unselected mono- 
nuclears derived from the normal and the immunized animal of a given experi- 
ment. This resulted from the multiplication of the percentage of cells engaged in 
phagocytosis by the observed average number of partides ingested, and is re- 
corded in the seventh column. It is plain that this estimate is more significant 
than either the percentage of cells engaged in phagocytosis, or the average number 
of ingested partides per cell alone would be. For in any condition in which the 
fate of an animal depends on the phagocytic activity of its cells, it is not only 
the number of cells that are capable of phagocytosis, but also the amount of 
material that each of these ceUs will engulf, that will determine the outcome. 

In the next column, the ratio between the amoimt of carbon phagocyted by 
100 normal and 100 imm une mononudears is given. It is clearly seen that in 
the majority of instances a markedly greater capadty for phagoc>dosis is apparent 
in mononudears derived from tuberculous or vacdnated animals as compared 
with that of mononudears derived from normal animals. This ratio is graphically 
presented in Text-fig. 1. 

Essentially similar observations are recorded in the remainder of Table \T in 
relation to these same phagocytic mixtures, but in the presence of the serum of 
the sensitized animal of the given pair. The value of P for the percentage phago- 
cytosis by mononuclears derived from actively tuberculous and vaccinated 
animals is 99 for both. Figs. 4 and 5 illustrate the in vitro phagocytosis of carbon 
partides by cells derived from a tuberculous and a normal guinea pig in the 
presence of the serum of the tuberculous individual of the experimental pair. 
In Text-fig. 1 are also graphically presented the ratios between the amount of 
carbon phagocyted by 100 unselected normal mononuclears and 100 immune 
mononuclears in the presence of the immune serum of the tuberculous partner 
of each test. 

In summary, therefore, the phagocytic capacity of mononuclears 
derived from tuberculous or R 1 vaccinated guinea pigs for non- 
specific particulate matter such as carbon is, in the majority of in- 
stances, significantly greater than that of phagocytes derived from 
normal animals. Out of a total of 14 experiments with 7 tuberculous 
piinea pigs and their normal controls in the presence of normal and 
immune serum, the mononudears derived from the tuberculous 
animals were significantly more actively phagocytic than those derived 
from normal animals in 11, or 78.6 per cent. In the remaining 3 
ex-periments there was no significant difference in the phagocj'tic 
capacities of leukocytes derived from the normal and the tuberculous 
individuals. 




Immune serum Normal serum Immune scrum Normal scrum 

Text-Fig. 1 Text-Fig. 2 


Text-Fig. 1. Ratio between the number of carbon particles phagocyted by 100 unse- 
lected mononuclears derived from normal and tuberculous guinea pigs in the presence of 
immune serum and normal serum. 

G mononuclears derived from normal animals. 

I mononuclears derived from sensitized animals. 

Text-Fig. 2. Ratio between the number of staphylococci phagocyted by 100 unse- 
lected mononuclears derived from normal and tuberculous rabbits in the presence of 
immune serum and normal serum. , 



Actively tuberculous R 1 vaccinated Actively tuberculous R 1 VTiccinatcd 

guinea pigs guinea pigs guinea pigs guinea pigs 

Text-Fig. 3 Text-Fig. 4 


Text-Fig. 3. Ratio between the number of tubercle bacilli phagocyted, in the presence 
of immune serum, by 100 unselected mononuclears derived from normal guinea pigs and 
from actively tuberculous guinea pigs and R 1 vaccinated guinea pigs. 

Text-Fig. 4. Ratio between the number of tubercle bacilli phagocyted, in the presence 
of normal serum, by 100 unselected mononuclears derived from normal guinea pigs and 
from actively tuberculous guinea pigs and R 1 vaccinated guinea pigs. 



Actively tuberculous R 1 vaednated Actively tuberculous R I vaccinated 

rabbits rabbits rabbits rabbits 

Text-Fig. 5 Text-Fig. 6 


Text-Fig. 5. Ratio between the number of tubercle bacilli phagocyted, in the presence 
of immune serum, by 100 unselccted mononuclears derived from normal rabbits and from 
actively tuberculous rabbits and R 1 vaccinated rabbits. 

Text-Fig. 6. Ratio between the number of tubercle badlli phagocyted, in the prc::cncc 
of normal serum, by 100 unselccted mononuclears derived from normal rabbits and from 
actively tuberculous rabbits and R 1 vaccinated rabbits. 
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In 10 additional experiments vrith guinea pigs vacdnated with R 1 and controk 
there was a uniformly greater percentage of mononuclears engaged in phago- 
cytosis when they were derived from vaccinated than when obtained from normal 
animals. Incomplete observations in this series indicated that the individual 
mononuclears of vaccinated animab also tended to engulf more carbon particles 
than individual mononuclears derived from normal animab. 

In Vitro Phagocytosis of Staphylococci and Collodion Particles by 
Mononuclears Derived from Normal and Immunized Rabbits 

In vitro phagocytosis triab with rabbit mononuclears and India ink gave no 
satbfactory results. Therefore experiments were set up with collodion particles 
and staphylococci as phagocytic material. These were carried out in exactly 
the same manner as was described above for phagocytosb of carbon particles 
by guinea pig ceUs except that the rabbits received brger amounts of mineral oil 
to elicit the mononuclear exudate and more dtrated saline was used to wash the 
peritoneal cavity. Smears o'f phagoc 3 rtic mixtures with staphylococci were pre- 
pared with Wright’s stain, as described above, while those containing collodion 
particles were stained with the Ziehl-Neeken technique, as the latter are acid-fast. 

Table VII presents the pertinent observations on the relative 
capacity for phagocytosis of unrelated particles, staphylococci, by 
mononuclears derived from normal rabbits and from rabbits infected 
with virulent bovine tubercle bacilli, in the presence of the sera derived 
from these normal and tuberculous rabbits. Similar observations with 
collodion as the non-specihc test particles for phagocytosis are also 
presented in Table VII. '' 

It is clear that mononuclears derived from tuberculous rabbits 
usually have a greater phagocytic capacity for staphylococci in the 
presence of either normal or immune serum than these ceUs possess 
when obtained from normal animals. The value of P for the number 
of staphylococci phagocyted by 100 unselected mononuclears is 92 
and 85 in the presence of normal and immune serum respectively. 
Likewise immune mononuclears coming from rabbits vaccinated with 
R 1 ingest a greater amount of collodion particles than these phago- 
cytes do when derived from normal rabbits. The latter conclusion 
is less certain statistically, for the values of P here are only 61 and 87 
for the sa.mc observations. Yet, in 3 out of 4 rabbits the mononu- 
clears derived from the vaccinated animals ingested from 2 to 6 times 
the number of collodion particles phagocyted by cells derived from 
normal animals. Text-fig. 2 graphicaUy presents the results with 
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staphylococci. Figs. 6 and 7 illustrate the relative phagocytosis of 
staphylococci by mononuclears derived from tuberculous and normal 


TABLE vn 


In Vitro Phagocytosis of Staphylococci ani Collodion Particles by Mononuclears 
Derived from Actively Tuberculous, R 1 Vaccinated and Normal Rabbits 






Phagocytosis 

in norm.al serum 

Phagocytosis in immune serum 

Kabbit 
and ei- 
peri- 
ment 
No. 

Tuberculous, 
vaccinated 
or normal 

Number 

of 

mono- 

nuclears 

per 

c.mm. 

in 

phago- 

cytic 

mucture 

Serum 

dilution 

Mono- 

nu- 

clears 

phago- 

cyting 

parti- 

cles 

Num- 
ber of 
parti- 
cles 
per 
cell 

Num- 
ber of 
parti- 
cles 
in 100 
cells 

1 

Mono- 

nu- 

clears 

phago- 

cyting 

parti- 

cles 

Num- 
ber of 
parti- 
cles 
per 
cell 

Num- 
ber of 
parti- 
cles 
in 100 
cells 

1 


Stnphylococci 




■1 


per cent 








20-7, 1 

Tuberculous 

RH 

Undiluted 

97.8 

24.4 

2386 

2.46 


20.9 


2.24 

10-6, 1 

Normal 

B 

(1 

79.0 

12.3 

971 



11.0 

896 


20-S, 2 

Tuberculous 

4300 

it 

99.5 

16.1 

1601 

1.54 

97.5 

12.1 

1179 

1.11 

10-8, 2 

Normal 

6600 

n 

91.0 

11.4 

1037 


91.5 

11.6 

1061 


15,3 

Tuberculous 

2350 

tt 

88.0 

12.7 

1117 

2.83 

83.0 

11.5 

954 

1.42 

5,3 

Normal 


4t 

73.0 

5.4 

394 


79.0 

8.5 

671 


AD, 4 

Tuberculous 


<« 

SO.O 

10.8 

864 

1.72 

79.0 

9.6 

758 

1.30 

21-3, 4 

Normal 


<6 

69.0 


503 


60.0 

9.7 

582 


20-S, 5 

Tuberculous 


<( 

59.0 


330 

0.89 

58.0 

6.6 

382 

1.09 

21-2, 5 

Normal 

14,400 

<1 

63.0 


371 


55.0 

6.4 

352 



Collodion rarticles 


33-3, 1 

Vaccinated 

5700 

Undiluted 

79.0 

2.9 

229 

4.98 

74.0 

3.0 

222 

2.13 

33-2, 1 

Normal 

5600 

<4 

33.0 

1.4 

46 


55.0 

1.9 

104 


33-4, 2 

Vaccinated 

49.280 

-,1:10 

32.0 

3.7 : 

118 

4.21 

61.0 

3.1 

189 

2.45 

33-5, 2 

Normal 

52,080 

<« 

19.0 

1.5 

28 


43.0 

1.8 

77 


33-7,3 

Vaccinated 

40,000 

4i 

92.5 

6.6 

610 

4.04 

97.0 

11.3 

1096 

6.68 

33-6, 3 

Normal 

25,000 

44 

63.0 

2.4 

151 


71.5 

1 

2.3 

I6t 


34-1,4 

Vaccinated 

49, 820 

it 

93 5 

7.2 

673 

0 64 

70 0 

5 9 

413 

1 05 

34-2, 4 

Normal 

46.375 

it 

91.0 

11 5 

1016 


87 5 

4 5 

393 



rabbits in the presence of the latter’s serum. Figs. 8 and 9 illustrate 
the phagocytosis of collodion particles by the mononuclears of a 
vaccinated and a normal rabbit in the presence of the former’s scrum. 
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In Vitro Phagocytosis of Tubercle Bacilli by Mononuclears Derived from 
normal and Immunized Guinea Pigs and Rabbits 

It is evident, therefore,- that the phagocytic capacity of mono- 
nuclears derived from actively tuberculous or vaccinated rabbits and 
guinea pigs for substances unrelated to the disease is greater than that 
of phagocytes derived from normal animals, and that this is inde- 
pendent of the presence of normal or immune serum; in both media 
the phagocytes of the immunized animals ingest more particles. 
From the standpoint of the mechanism of immunity to tuberculosis 
it is important to determine whether the enhanced phagocytic ca- 
pacity conferred by active tuberculosis or by vaccination upon these 
mononuclears applies also to the tubercle bacillus. Accordingly similar 
experiments were set up with mononuclears and sera derived from 
normal, actively tuberculous and R 1 vaccinated guinea pigs and 
rabbits, using living virulent human type tubercle bacilli (P 15 B) as 
the particle for phagocytosis. 

The experiments were set up in the manner described above in detail for carbon 
particles. The serum, fresh or inactivated, in different dilutions, constituted 
one-third of the volume of the phagoc>'tic mixtures. There were between 150,000 
and 580,000 tubercle bacilli per c.mm. in the phagocytic mixtures of the different 
experiments. It is needless to state that in any test of the properties of normal 
and immune cells all the conditions were as nearly alike as was possible; the single 
known variable was the derivation of the phagocytes. 

Table VIII presents the pertinent data for cells derived from gtunea 
pigs. In columns 3 to 5 are included the difierential ceU counts of all 
the e.xudates that resulted in each one of the normal and sensitized 
guinea pigs from the injection of the same amountof petrolatum after 
the same lapse of time. It wiU be noted that, in general, sensitized 
animals, whether activel}' tuberculous or vaccinated, responded to 
the intraperitoneal injection of mineral oil with an exudate that con- 
tained a larger percentage of mononuclears and Ijmiphocj'tes and a 
conspicuously lower concentration of granulocytes than did normal 
animals. In other words, as was noted above with aleuronat-starch 
as an irritant, the succession of cells that characterizes inflammation 
in general was accelerated in the immunized animal in reaction to this 
non-specific irritant also. 

It is clear from an anah’sis of the remaining obsen'ations recorded 



TABLE Vin 


hi Vitro Phagocytosis of Tubercle Bacilli by Mononuclears Derived from Normal, 
Actively Tuberculous and R 1 Vaccinated Guinea Pigs 


Experi- 

ment 

No. 

Tuberculous, 
vaccinated 
or normal 

Differential count 
of cells in exudate 

Num- 

ber 

of 

mono- 

nu- 

clears 

per 

c.mm. 

in 

phag:o- 

cytic 

mix- 

ture 

Serum 

dilution 

Phagocytosis in nor 
mal serum 

- Phagocytosis in im- 
mune scrum 

Mononuclears 

Lymphocytes 

Granulocytes 

Mononuclears phagocyting 
tubercle bacilli 

Number of tubercle bacilli 
per cell 

fc&2 
■9 S-o 

CMC 

a 

ss§ 

V oZji 

> <3 CS 

2-0 E f 
o'? 
obSE 

Mononuclears phagocytinc 
tubercle bacilU 

Number of tubercle bacilli 
per cell 

•S 

ifs 

si E= 
B-S.§S 

O n u 

B 



iicr 

per 

per 



per 



per 





cent 

cent 

cent 



cent 



cent 



1 

Tuberculous 

63.0 

36.0 

1.0 

12,3SC 

Undiluted 

86.0 

4.8 

1.38 

81 .0 

5.3 

1.32 


Normal 

6S.S 

13.5 

21.0 



68.0 

4.4 


72.0 

4.5 


2 

Tuberculous 

82. S 

12.0 

5.5 



85.0 

13.7 

1.55 

79.0 

10.1 

1.00 


Normal 

33. S 

1.5 

65.0 

500C 


84.0 

8.9 


82.0 

9.8 


3 

Tuberculous 

74.0 

8.0 

18.0 

18,000 

“ 

79.0 

9.2 

1.50 

63.0 

9.3 

1.36 


Normal 

74.0 

3.0 

23.0 



69.0 

7.0 


58.0 

7.4 


4 

Tuberculous 

93.5 

5.5 

1.0 

19,200 

1:10 

66.0 

7.2 

2.20 

69.0 

11.3 

1.76 


Normal 

89.5 

5.0 

5.5 

18,250 

II 

47.0 

4.6 


$9.0 

7.5 


3 

Tuberculous 

65.4 

31.2 

3.4 

11,500 

< 1 * 

34.0 

2.0 

2.83 

91.0 

7.9 

1,85 


Normal 

78.0 

2.5 

19.5 

14,300 

II* 

12.0 

2.0 


76.0 

5.1 


6 

Tuberculous 

66.3 

22.0 

11.7 

22,900 

II* 

38.0 

2.8 

0.96 

66.0 

ra 

1.09 


Normal 

72.7 

4.6 

22.7 


II* 

37.0 

3.0 


62.0 

m 


7 

Tuberculous 

74.5 

18.0 

7.5 

36,000 

... 

28.0 

1.9 

0.80 

31.0 

4.1 

2.27 


Normal 

61.1 

8.4 

30.5 

36,000 

II* 

33.0 

2.0 


28.0 



8 

Tuberculous 

73.0 

11.0 

16.0 

3900 

Undiluted* 

93.0 

26. St 

2.39 

91.0 

23.4 

1.77 


Normal 

80.0 

12.5 

m 

8800 

II* 

66.0 

15.6 


80.0 

15,0 


9 

Vaccinatcdl 

83.5 

m 

10.0 

29,100 

1:50 

72.0 


1.93 



1.03 


Normal 

35.5 

2.0 

62.5 

11,500 

II 

41.0 






to 

Vaccinated 

68.5 

22.5 

9.0 

30, 140 

1:10 

■ 


1.42 

IQ 


1.23 


Normal 

67.5 

15.5 

17.0 


II 

45.0 

4.4 





11 

Vaccinated 

82.0 


12.0 

25,500 

• 1 

83.0 

7.7 

1.29 

76.0 

11.7 

1.30 


Normal 

73.0 


22.5 

22,700 

II 

73.0 

6.8 


76.0 

9.0 


12 

Vaccinated 

60.5 

17.5 

22.0 

26,100 

• I 

64.0 

5.6 

1.79 

90.0 

11.4 

0.87 


Normal 

61.3 

12.0 

26.7 

27,300 

II 

50.0 

4.0 


85.0 

13.9 


13 

Vaccinated 

82.0 

11.5 

6.5 

20,700 

II 

ml 

M\ 

1.01 

71.0 

7.7 

1.14 


Normal 

61.5 

SI 

31.5 

m 

II 

ml 



60.0 

8.0 


Aver- 

Sensitized 

74.5 

16.0 

9.5 









ase 

Normal 

65.6 

7.1 

27.3 



i 







* Serum inactivated at 56°C. for hour. 

t Estimated, not directly counted because of agglutination of ingested bacilli, 
j ^^^ccinatcd with suspension of tubercle bacilli killed by submersion in liquid petrola- 
tum at 37°C. for 8 days. The guinea pig’s sensitivity to tuberculin w.as -b-b. 
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in tMs table that the phagocytic capacity for tubercle bacilli of mon- 
onuclears derived respectively from actively tuberculous and vac- 
cinated guinea pigs was, in a large majority, greater in the presence 
of either normal or immune serum than that of mononuclears obtained 
from normal animals, under identical conditions. In the remaining 
instances there was no distinct difference in the phagocytosis of tu- 
bercle bacilli by mononuclears derived from either normal or im- 
munized guinea pigs. 

A further analysis of these data shows that the observed enhance- 
ment of the phagocytic capacity of mononuclears conferred upon them 
by active tuberculosis has a probability of significance of 83 per cent 
for the number of tubercle bacilli phagocj'ted' by 100 imselected 
mononuclears in the presence of either normal or immime serum.* 
However, the observed smaller increment in phagocj’tic capacity 
afforded mononuclears by vaccination is of questionable statistical 
significance. The value P for the corresponding observations is 
only 77 and 57 in the presence of normal and immune serum re- 
spectively with cells derived from such animals. 

These results are graphically presented in Text-figs. 3 and 4. Figs. 
10 and 11 illustrate the relative phagocytosis of tubercle bacilli by 
mononuclears derived from tuberculous and normal guinea pigs in 
the presence of the former’s serum. 

In Table IX are presented the pertinent data for the relative phago- 
cytosis of tubercle bacilli by mononuclears derived from normal, 
actively tuberculous and R 1 vaccinated rabbits. It is evident from 
an examination of these protocols, that the phagocytic capacity for 
tubercle bacilli of mononuclears derived from tuberculous or vac- 
cinated rabbits is greater in the majority of instances than that of 
mononuclears derived from normal rabbits in the presence of either 
normal or immune serum. In the remaining instances there was no 
significant difference in phagocj'tosis between these mononuclears. 
It is also apparent that active tuberculosis frequently confers upon 
the mononuclears a relatively greater enhancement of their phagocytic 

* For the sake of bre\-ity this column was omitted from Table Mil; howe\-er, 
the ohsen-ations from which the daU in this column were calculated’ are riveii 
there. 



598 


ilECHANISM OF IMMUNITY IN TUBERCULOSIS 


TABLE IX 


In Vitro Phagocytosis of Tubercle Bacilli by Mouomiclcars Derived from Normal, 
Actively Tuberculous and R 1 Vaccinated Rabbits 


Rabbit 

and_ 

experi- 

ment 

No. 

Tuberculous, 
vaccinated 
or normal 

Num- 
ber of 
mono- 
nuclears 
per 
c.mm. 
in 

phago- 

cj’tic 

mixture 

Serum 

dilution 

Phagocytosis in normal serun 

Phagocytosis in immune 
serum 

Mononuclears phago- 
cyting tubercle bacilli 

Number of tubercle ba- 
cilli per cell 

— 

Number of tubercle ba- 
cilli in 100 cells 

Ratio between number of 
tubercle bacilli phago- 
cyted by 100 immune 

Mononuclears phago- 
cyting tubercle bacilli 

Number of tubercle ba- 
cilli per cell 

Number of tubercle ba- 
cilli in 100 cells 

Ratio between number of 
tubercle bacilli phago- 
cyted by 100 immune 
and 100 normal cells 





per 




per 








cent 




cent 




14,1 

Tuberculous 

12,000 

Undiluted 

84.0 

5.1 

428 

1.65 

82.0 


410 

1.77 

8 

Normal 

18,000 

(( 

65.0 

4.0 

260 


70.0 


231 


15,2 

Tuberculous 

2000 

<( 

85.0 

7.7 

654 

1.22 

74.0 

12.1 

895 

1.64 

5 

Normal 

3000 

4< 

80.0 

6.7 

536 


79.0 

6.9 

545 


FM4,3 

Tuberculous 

29,000 

tt 

61.0 

2.7 

164 

1.01 

72.0 

3.2 

230 

1.17 

7 

Normal 

27,000 

M 

49.0 

3,3 

16! 


48.0 

4.1 

196 


16, 4 

Tuberculous 

10,000 

1:10 

98.0 

13.2 

1293 

2.95 

93.0 

11.7 

loss 

1.70 

31-S 

Normal 

14,000 


78.0 

5.6 

436 


76.0 

8.4 

638 


10-4, 5 

Tuberculous 

9500 

Undiluted* 

56.0 

9.0 

504 

0.87 

83.0 

14.0 

1162 

1.92 

10-8 

Normal 

9000 

«(• 

72.0 

8.0 

576 


65.0 

9.3 

604 


10-5, 6 

Tuberculous 

18,500 

<<« 

53.0 

8.2 

475 

2.51 

72.0 

10.3 

741 

3.40 

10-9 

Normal 

18,500 

If* 

43.0 

4.4 

189 


42.0 

5.2 

218 


33-3, 7 

Vaccinated 

5700 

1:10 

81.0 

8.4 

680 

2.03 

95.0 

10.0 

950 

1.71 

33-2 

Normal 

5600 

« 

67.0 

5.0 

335 


73.0 

7.6 

554 


33-9, 8 

Vaccinated 

39,000 

<< 

53.0 

3.0 

159 

1.60 

63.0 

4.1 

258 

1.07 

33-8 

Normal 

41,000 

ft 

43.0 

2.3 

99 


65.0 

3.7 

240 


33-4,9 

Vaccinated 

49,280 

f f 

68.0 

7.9 

537 

1.49 

78.0 

5.6 

437 

1.37 

33-5 

Normal 

52,080 

tt 

60.0 

6.0 

360 


69.0 

4.6 

317 


33-7, 10 

Vaccinated 

40,000 

tt 

81.0 

14.6 

1182 

1.02 

85.5 

17.4 

1487 

0.90 

33-6 

Normal 

25,135 

tt 

66.5 

17.4 

1157 


72.0 

23.0 

1656 


34-1, 11 

Vaccinated 

49,820 

tt 

69.0 

8.1 

558 

1.02 

61.9 

9.9 

612 

1.01 

34-2 

Normal 

46,375 

It 

59.0 

9.3 

548 


69.6 

8.8 

612 



* Scrum inactivated at Sd'C. for 30 minutes. 
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capadties than is afforded them by vaccination with attenuated tu- 
berde bacilli. 

When these data are subjected to a statistical analysis it is found 
that the observed enhancement of the phagocytic capacity con- 
ferred upon mononuclears of rabbits by active tuberculosis has a 
probability of significance of 88 and 96 per cent for the munber of 
tubercle bacilli phagocyted by 100 unselected mononuclears in the 
presence of normal and immune serum respectively. As was found 
above with guinea pig cells, however, the observed lesser increment 
in phagocytic capacity afforded rabbit mononudears by vaccination 
of rabbits with attenuated tubercle bacilli is of low statistical signifi- 
cance. The value of P for the corresponding observations is only 
68 and 57 in the presence of normal and immune serum respectively. 

Text-figs. 5 and 6 siunmarize the data graphically. Figs. 12 and 
13 illustrate the relative phagocytosis of tubercle bacilli by rabbit 
mononuclears derived from an actively tuberculous and normal 
animal respectively in the presence of the former’s serum. 

SUMMARY AND DISCUSSION 

An endeavor has been made to eluddate the mechanism of the more 
rapid mobilization of mononuclear phagocytes that characterizes the 
response to reinfection of the tuberculous or allergic animal, as dis- 
tinguished from the reaction to a primary inoculation. It has been 
found that actively tuberculous or vaccinated rabbits and guinea 
pigs react with an accelerated appearance of mononudears in response 
to non-specific inflammatory irritants also. Furthermore the entire 
succession of cells that characterizes inflammation in general is ac- 
celerated in the allergic animal in reaction to irritants, such as aleuro- 
nat-starch or mineral oil; i.c. in an allergic animal the replacement of 
the first mobilized pol 3 Tnorphonudears bj’’ mononudears and the latter 
by lymphocytes takes place more rapidly than in a normal animal. 

This more rapid mobilization of mononuclears is not accounted for 
by the more add reaction which frequently develops at the site of 
introduction of these irritants in a tuberculous as compared with that 
in a normal animal. This result was not expected for, as considered 
above, in dew of the pH range for the optimum activity of some of the 
proteases of the polymorphonudear and mononudear cells respec- 



600 


MECHANISM OF IMMUNITY IN TUBERCULOSIS 


lively, one might reasonably anticipate such a relationship. That 
the higher hydrogen ion concentration often found at the site of in- 
flammation in the allergic animal may be more inimical to the survival 
of polymorphonuclears than of mononuclears is considered likely, but 
their mobilization seems to be controlled by other factors. For in 
rabbits there is no significant difference in the pH level at the site of 
a non-specific inflammation between the normal and the sensitized 
animals; yet the mononuclears are present in larger numbers in tlie 
latter. Again, even in the guinea pig, while there is a consistently 
greater acidity at the site of inflammation in tlie allergic animal, there 
is no consistent correlation between tlie leukocytic formula of tlie 
exudate and its pH level. Nor does the greater local tissue acidosis 
that develops at the site of a specific reinfection, as compared with 
that of a primary inoculation, and as observed with the agar focus 
technique, account for the inhibition of growtli of tubercle in the for- 
mer. For the pH difference, an average of 0.2, seems insufficient for 
the effects noted on the tubercle bacillus, the pH growtli range of 
which is so wide. It is significant that a similar slightly greater 
acidity was found within collodion-impregnated silk bags containing 
tubercle bacilli placed in the peritoneal cavity of tuberculous, as 
compared with the contents of similar bags situated in normal rabbits 
(11). In this instance also the observed inhibition of growth in the 
body fluids of the immune animal seems unexplained by the slight 
pH difference. No explanation for this phenomenon has thus far 
been found. 

However, definite data have been obtained which seem to explain 
the more accelerated inflammatory response that cliaractcrizes the 
immunized animal. In the first place the very fact that non-specific 
irritants also bring about an acceleration of the succession of cells 
that characterize inflammation in general in the tuberculous animal 
suggests that this may be based on a heightened physiological activity 
on the part of the sensitized animal. Again the mononuclears at the 
site of a non-specific inflammation in the tuberculous animal are larger, 
have more abundant cytoplasm, and in supravital smears, frequently 
contain more numerous and prominent neutral red stained vacuoles, 
which are often of a yellower tint than those of mononuclears mobilized 
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in the normal animal. Their pseudo|>odia also are in many cases 
more prominent. These differences all suggest an increased physi- 
ological activity on the part of the immune phagocytes. Furthermore 
the rate of botli mitotic and amitotic division of mononuclears is 
conspicuously greater in the exudate of immunized rabbits and guinea 
pigs than in that of normal animals. It would seem that it is this 
increased rate of division that is a significant factor in their more 
rapid mobilization in the immunized animal in response to both 
specific and non-specific irritants. 

Evidence was obtained suggesting an increase in the phagocytic 
capacity of the immune cells for carbon particles in vivo. This, how- 
ever, was not conclusive. But in vitro, unequivocal and statistically 
significant observations indicate that, in the presence of normal or 
immvme serum, mononuclears derived from tuberculous or vaccinated, 
guinea pigs ingest more carbon particles than mononuclears obtained 
from normal animals. Mononuclears originating in tuberculous rab- 
bits ingest more staphylococci than do these phagocytes when ob- 
tained from normal animals. A similar, though statistically less 
significant increment in the phagocytic capacity of mononuclears for 
collodion particles was observed in cells derived from vaccinated 
rabbits. Thus, the physiological phagocytic activity of the mon- 
onuclears of tuberculous rabbits and guinea pigs is enhanced non- 
specifically in relation to substances that have no bearing on the tu- 
berculous process. 

Furthermore mononuclears derived from tuberculous rabbits and 
guinea pigs exhibit an enhancement in their phagocytic capacity for 
virulent tubercle bacilli in the presence of both normal and immune 
serum which is of fairly good statistical significance. 

It is dear, therefore, that what has been inferred from the studies on 
the correlation between the fate of the bacilli and the host responses 
in vivo, namely that immunity to tuberculosis rests upon an increased 
physiological capacity of the mononudear phagocj’’tes to destroy or 
inliibit the growth of tuberde bacilli, has found a suggestive confirma- 
tion in these in vitro studies. For it is plain that tuberculosis confers 
upon the mononudears an increased capadty to divide in response 
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to irritation, and a capacity to ingest a greater amount of particles 
available for phagocytosis, whether these be non-specific substances, 
such as carbon particles, staphylococci or collodion, or specific tuber- 
cle bacilli. 

It is significant in this relation that the enhancement of the phago- 
cytic capacity for tubercle bacilli afforded mononuclears by a virulent 
active tuberculosis is greater than that conferred upon them by vac- 
cination with avirulent organisms. Indeed the increment noted in 
the latter is hardly of any statistical significance. This parallels the 
well known fact that active tuberculosis confers a greater relative 
immunity to reinfection than vaccination with an organism of low 
virulence. 

The limited observations of a more acid pH within the c 3 doplasm 
of immune mononuclear phagocytes suggest that, just as tlieir pro- 
pensity to divide and to phagocyte is increased by the presence of 
tuberculosis, so may it be with their digestive capacities. This would 
lead to the more rapid destruction or more effective inliibition of tlie 
growth of tubercle bacilli within their cytoplasm, as has been pre- 
viously concluded. 

It is interesting in this connection that Metchnikoff, the founder of 
the theor}'- of phagoc 3 dosis, originall 3 ’- held that the increased phago- 
cytosis observed on reinoculation of an animal that had recovered 
from an acute infectious disease was due to an enhancement of the 
ingesting capacity of the phagocytes (20). It was soon shown, how- 
ever, that in these conditions, the increased phagocytosis was the 
result of specific bacteriotropins present in the serum of the immunized 
animal and could be elicited with phagoc 3 '-tcs obtained from a normal 
animal. It is clear from this study that in tuberculosis, beside the 
phagocytosis-promoting antibodies that accumulate in tlie blood, 
there also develops a generalized increased physiological activity on 
the part of these cells, one of which is an increased phagocytic capacity 
for specific as well as for non-specific substances. 

These observations throw light on a number of obscure phenomena. 
Lends and Loomis (21) have observed that tuberculous guinea pigs 
generate antibodies more rapidly than normal animals similarly 
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stimulated. Dienes (22) discovered that the presence of tuberculous 
lesions greatly intensifies the pre-anaphylactic sensitizing capacity of 
antigens. It has been claimed by some observers (23) that tubercu- 
lous animals resist other infections with greater efficiency than non- 
tuberculous individuals. 

It is possible that these observations are expressions of the enhanced 
physiological activity on the part of the mesenchymal cells as demon- 
strated in this study. For in the production of antibodies and in 
resistance to infections, the role of these cells is certainly significant. 

CONCLUSIONS 

1. Tuberculous and vaccinated rabbits and guinea pigs mobilize 
mononuclear phagocytes at the site of a non-specific inflammation 
with greater rapidity than do normal animals, just as they respond to 
tubercle bacilli. 

2. The succession of cells that characterizes inflammation in general 
is accelerated in allergic rabbits and guinea pigs in response to non- 
specific irritants. 

3. The pH at the site of reinfection with tubercle badlli in immim- 
ized rabbits and guinea pigs and at the site of a non-specific inflamma- 
tion in the latter is slightly lower than in a similar site in a normal 
animal. 

4. No constant relation was found between the mobilization of 
mononuclears and the hydrogen ion concentration at the site of in- 
flammation. 

5. The rate of mitotic and amitotic division of mononuclears in 
allergic rabbits and guinea pigs in response to non-specific irritants is 
greater than in normal animals. 

6. Mononuclears derived from actively tuberculous or vaccinated 
guinea pigs e.xhibit greater in vitro phagocytic capacity for carbon 
particles than mononuclears obtained from normal animals. 

7. Mononuclears of tuberculous rabbits ingest more staphylococci 
than the phagocj'tes of the same tj'pe originating from normal animals. 

8. Mononuclears originating from actively tuberculous rabbits and 
guinea pigs c.\hibit greater in vitro phagocj^tic capacity for tubercle 
bacilli than mononuclears obtained from normal animals. 
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9. The enhancement of the phagocytic capacity for tubercle bacilli 
afforded mononuclears by vaccination with a bacillus of low virulence 
is lower, and of questionable significance. 

10. The increased phagocytic activity of mononuclears derived 
from tuberculous or vaccinated rabbits and guinea pigs for tubercle 
bacilli and for non-specific particulate matter occurs in media con- 
taining sera derived from normal and from tuberculous individuals. 

11. The more rapid mobilization of mononuclears by immunized 
animals in response to specific as well as non-specific irritants is as- 
sociated with their increased physiological activity. 

The significance of this enhanced activity conferred by the tuber- 
culous process on the mesenchyme cells is discussed in relation to tlie 
mechanism of immunity to tuberculosis and other phenomena. 

I take this opportunity to express my indebtedness to Dr. T. N. Harris for his 
generous assistance in the statistical analysis of the data presented in this paper. 
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EXPLANATION OF PLATES 

Smears depicted in Figs. 1 to 7 inclusive were prepared with Wright’s stain. 
Those depicted in Figs. 8 to 13 inclusive were stained with the Ziehl-Neelsen 
procedure. The magnifications are about X 1400. , 

Plate 35 

Fig. 1. In vivo phagocytosis of carbon particles by mononuclears of tuberculous 
guinea pig 30. 

Fig. 2. In vivo phagocytosis of carbon particles by mononuclears of normal 
guinea pig 73. 

Fig. 3. Mitotic and amitotic division of mononuclears in exudate of tuberculous 
guinea pig 93. 

Fig. 4. In vitro phagocytosis of carbon particles by mononuclears of tuber- 
culous guinea pig 36-1 in the presence of its own serum. 

Fig. 5. In vitro phagocytosis of carbon particles by mononuclears of normal 
guinea pig 41-1 in the presence of the serum of tuberculous guinea pig 36-1, the 
cells of which are shown in Fig. 4. 

Fig. 6. In vitro phagocytosis of staphylococci by mononuclears of tuberculous 
rabbit 20-7 in the presence of serum of normal rabbit 10-6, the cells of which arc 
shown in Fig. 7. 

Fig. 7. In vitro phagocytosis of staphylococci by mononuclears of normal 
rabbit 10-6 in the presence of its own serum. 
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Plate 36 


Fig. 8. In vUro phagocytosis of collodion particles by mononuclears of vac- 
cinated rabbit 33-7 in the presence of its own serum. 

Fig. 9. lu vitro phagocytosis of collodion particles by mononuclears of normal 
rabbit 33-6 in the presence of serum of vaccinated rabbit 33-7, the cells of which 
are shown in Fig. 8. 

Fig. 10. In vitro phagocytosis of tubercle bacilli by mononuclears of tuber- 
culous guinea pig 94 in the presence of its own scrum. 

Fig. 11. Ill vitro phagocytosis of tubercle bacilli by mononuclears of normal 
guinea pig 30-1 in the pre.sence of serum of tuberculous guinea pig 94, the cells of 
which are shown in Fig. 10. 

Fig. 12. In vitro phagocytosis of tubercle bacilli by mononuclears of tuber- 
culous rabbit 16 in the presence of its own serum. 

Fig. 13. In vitro phagocytosis of tubercle bacilli by mononuclears of normal 
rabbit 31-8 in the presence of scrum of tuberculous rabbit 16, the cells of which 
are shown in Fig. 12. 
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It is not surprising, in view of the truly amazing therapeutic results 
that may follow the use of sulfanilamide and related compounds in 
streptococcus and other infections, that considerable effort has been 
devoted to explaining the predse method by which this drug produces 
its results. The quest is not alone for the purpose of perfecting the 
drugs employed and their administration, but because in addition such 
investigations offer a new means of approach to the mechanism of 
action of chemotherapeutic drugs in general, concerning which we have 
had far too little information. 

A bewildering series of facts are now available that bear on the mode 
of action of sulfanilamide on microorganisms, both in the test’tube 
and in the animal body. The difl&culty in interpreting these facts 
has been due to over-emphasis on the particular findings of individual 
investigators on the study of a single factor. Thus there are those 
who would explain sulfanilamide action as a direct effect upon the 
microorganism itself, whether acting in vivo or in vitro. In other 
words, there are tiiose who would still consider the animal body as a 
test tube, much as Pasteur explained immunity in the early days of 
the development of ordered knowledge in this field. There are others, 
however, who from the beginning have taken cognizance of the 
importance of the cells of the body in the therapeutic results obtained 
by sulfanilamide. 

The Direct Action of Sulfanilamide on Streptococcus 

The effect of sulfanilamide on bacteria cannot be considered from 
the viewpoint of the action of this substance alone, but in the light of 

• Aided by a grant from the Dr. PhUip Hanson Hiss, Jr., Memorial Fund. 
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all Other environmental factors that enter into the experiment. In 
other words, sulfanilamide action depends on the balance of a series 
of factors that enter into the composition of the medium in whicli tlie 
two interacting substances, sulfanilamide and streptococcus, are 
tested. We are for the moment primarily considering the substances 
that enter into the reaction under the artificial conditions as observed 
in the test tube, leaving for later consideration the additional factors 
that intervene in the animal body. 

Thus we find on analysis from our own experiments and from those 
of others, that the growth of streptococcus is influenced in the test tube 


TABLE I 

Factors That Influence the Growth of Streptococci 


Favoring 

Good nutrient broth 
(Infusion brotli with best peptone at 
right pH (7.5)) 

Glucose 

Peptone 

Horse serum 

Rabbit serum (Gay and Clark) 

Dcfibrinated rabbit blood (Gay and Clark) 

Defibrinated infant blood (Lyons and 
Mangiaradne) 

Defibrinated horse blood (White and 
Parker) 

Necrotic tissue (peptone ?) (Lockwood, 
1938 a) 


Inhibiting 
Poor nutrient broth 

(Meat e.'ctract broth; peptone free broth; 
pH under 6.5 or over S) 

Glucose peptone water (Nitti el at.) 

Washing streptococci (thus removing pep- 
tone) (Lockwood, 1938 b) 

Saline suspension of streptococci (Mellon 
cl at.) 

40°C. (White and Parker) 

Human serum (Colcbrook cl at.) 
Dclcucocytcd human blood (Colebrook 
cl at., Finkicstonc-Sayliss cl at.) 

Whole defibrinated human blood (Cole- 
brook cl at., Lockwood, 1938 b) 
SULFANILAMIDE 
PIDVGOCYTES 


by two sets of factors: those that favor the growth of the microorgan- 
ism, and those that inhibit it. It would be impossible to enumerate 
these growth factors in the precise order of their excellence in favoring 
or in inhibiting the growth of streptococcus, but they are listed in 
Table I, more or less in order of their significance. 

When tested in any of the favoring media, as listed above, sulfanil- 
amide by general agreement produces bacteriostasis only. Further- 
more, the degree of bacteriostasis depends inversely on the sum total 
of adjuvant growth factors present; thus in a scries of comparisons the 
ratio of growth in the presence of sulfanilamide broth, as compared 
with plain broth, was as 1-32,500 in 24 hours. The ratio was only 
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1-10.6 in sulfanilamide rabbit serum, as compared with serum alone, 
because serum is a better medium. 


Experitneni 1. — Comparison of Degree of Baderiosiatic Adion of Suljamlamiie 
in Brolh and Rabbit Serum . — 


Medium 

Sulfanilamide 

1-5000 

Inoculation 

Streptococcus 

H 

Colonies 

24 bis. 

4S hrs. 

Infusion broth 

— 

i22 

6,500,000 

110,000,000 

It ft 

Present 

« 

200 

10 

Rabbit serum 

— 

tt 

410,000,000 

90,000,000 

tt tt 

Present 

tt 

38,000,000 

6,000,000 


On adding certain additional inhibiting factors, none of which alone 
suffices to destroy the streptococcus, in other words by a summation of 
injury, sulfanilamide becomes bactericidal. For example, sulfanil- 
amide kills; (1) in poor nutrient broth; (2) by a less nourishing pep- 
tone; (3) on removal of peptone by washing streptococci (Lockwood, 
1938 6); (4) in glucose peptone without meat extract (Nitti ei al .) ; (5) 
after diluting in saline (Mellon et al ^ ; (6) at 40‘’C. (WTiite and Parker) ; 
(7) in human serum (Colebrook et al.); (8) in whole human blood 
(Colebrook el al.). 

To illustrate one of the simplest examples of this summation of 
injury effect on streptococcus, we may give the growth history in an 
experiment with our streptococcus H in good and relatively poor 
peptone media, with and without sulfanilamide. 

Experiment Z . — ^An 18 hour infusion broth culture of streptococcus H was 
inoculated into tubes of two batches of infusion broth of the same pH (7.5), but 
of which one batch, containing bactopeptone instead of neopeptone, promoted 
fair but not vigorous growth. To parallel tubes of each kind of broth, sulfanil- 
amide (1-5000) was added. The tubes were plated on 2 successive days and the 
colonics of streptococcus ascertained: 


Infusion broth 

Sulfanilamide 

1-5000 

Inoculation 

Streptococcus 

H 

Colonies 

24 hrs. 

4S hrs. 

Xcopeptone 

“ 1 

B-ictopcptonc 

<( 

Present 

Present 

±14 

tt 

tt 

tt 

350,000,000 

3S00 

10,600,000 

70 

1 

80,000 

9000 

80,000,000 

0 
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Sulfanilamide thus produced bacteriostasis in the superior (neopep- 
tone) broth and complete destruction in 48 hours in the less adequate 
(bactopeptone) broth. 

If we look on sulfanilamide as only one, although perhaps the most 
marked of the factors that inhibit test tube growtli of streptococci, 
we may question whether other combinations of unfavorable growth 
factors might not likewise change bacteriostasis to destruction. For 
example, would washed streptococci or saline suspensions of strepto- 
cocci be killed when grown at 40°C., instead of being merely inhibited 
at this temperature as they are in the excellent media employed by 
White and Parker? We know of no direct answer to such questions. 

As we pointed out a year ago (Gay and Clark), streptococci in- 
hibited in growth by dilutions of sulfanilamide exhibit involution 
forms and occur in long chains. These alterations have been con- 
firmed by Lockwood, 1938 h, and a ‘^clumping” reaction of the length- 
ened chains added by Meyer, 1938. Lyons and Mangiaracine confirm 
all these changes and also the alterations we noted in colonial form. 
None of these involution forms are pathognomonic of the action of 
sulfanilamide and might equally well occur in any unfavorable 
medium. 

Although capsules have long been recognized as characteristic of the 
virulence of streptococci (Bordet), and in some measure responsible 
for it, the original explanation of Levaditi and Vaisman, 1935 a, of 
the mode of action of sulfanilamide as due to interference witli capsule 
formation, has not met with general acceptance (Gay and Clark; 
Long and Bliss; Colebrook and Kenny). We continue to find, as 
already pointed out, capsules on streptococci grown, although in- 
hibited, in the bodies and fluids of sulfanilamide-treated rabbits and 
mice. It still remains a possibility, as emphasized by Lyons and 
Mangiaracine, that there are capsules and capsules, which, although 
apparently identical morphologically, may differ in antigenic constitu- 
tion and resistence to phagocytosis. 

Far more significant, we believe, is the failure of sulfanilamide to be 
adsorbed or diminished by the presence of the streptococcus that it 
affects. It is true that Finklestone-Sayliss, Paine and Patrick found 
that a relatively great concentration of fat derived from young strepto- 
cocci causes sulfanilamide in an aqueous dilution of 1-2000 to diminish 
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in the "watery phase by nearly one-hah in 2 hours. This may sho"w 
that sulfanilamide is relatively more soluble in fat than in "water, but 
imder the conditions specified does not, we believe, show that sulfanil- 
amide in its operation on streptococcus is adsorbed by the fat in the 
microorganism. Burgers, 1937, states that incubation of strepto- 
coccus with prontosil soluble renders the organisms more rapidly 
permeable by crystal "violet, as shown by the rapidity of staining. 

It has apparently been proved by Yorke et at and Pedlow and 
Reiner that arsemcal compounds and acrifla"vine, both of which are 
highly destructive for tiyrpanosomes both in test tube and body, are 
rapidly fixed on these cells whether they be alive or dead. Strangely 
enough we have been unable to find any extensive proof that bacterici- 
dal substances like optochin, gentian "violet and acrifla-vine are actually 
fixed on the "microorganisms they affect, and diminished thereby in the 
supernatant fluid. One of us (Gay and Beckwith) began experiments 
of this sort some years ago, and they have now been extended in con- 
nection "with the present investigation as a check on the mode of action 
of sulfanilamide. 

In brief we find: 10 cc. of gentian "violet (1-10,000) or the same 
volume of acrifla"vine (1-10,000) is reduced one-half in color index on 
addition of 1 cc. of a concentrated (X 100) culture of streptococcus, 
in from 1 to 3 hours. Correspondingly, the bactericidal titer is also 
reduced one-half. In the presence of rabbit serum (50 per cent) 
acriflavine is more active than in broth; it is impossible to measure the 
color reduction in the presence of serum but the bactericidal titer is 
reduced one-half, as in broth. 

Turning now to contact between sulfanilamide and streptococci 
(100 cc. of an 18 hour broth culture reduced by centrifugalization to 
1 cc.), we have never been able to show that the drug, 10 cc. (1-10,000 
to 1-100,000), was reduced in strength in from 2 to 5 hours at room 
temperature. The Marshall colorimetric test for sulfanilamide was 
employed. Ever}' variation in the conditions of this test that occurred 
to us was tried: growth of the streptococcus in 20 per cent serum 
broth with subsequent addition to sulfanilamide broth; growth of the 
streptococcus in broth v.dth sulfanilamide for 18 hours, or in serum 
sulfanilamide broth for 10 hours. 

Burgers contention was based on indefinite staining results. We 
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have grown streptococci in broth or in sulfanilamide broth 1-10,000 
for 18 hours and found that the sulfanilamide broth-grown organisms, 
in aliquot numbers, adsorbed as much but no more gentian violet than 
the plain broth-grown organisms. Observationally there was no 
difference in the rapidity or intensit)'^ of staining of the organisms in 
the two preparations. Furthermore, neither sulfanilamide-grown 
organisms nor organisms in the presence of sulfanilamide were found 
to be more susceptible to the action of gentian violet and acriflavine 
than normal organisms. 

The Effect of Sulfanilamide on the Virulence Factors of Streptococcus 

Apart from growth inhibition and morphological changes wrought 
by sulfanilamide on the streptococcus, alteration and reduction in the 
virulence factors of streptococcus metabolism have been repeatedly 
claimed. Although the non-lethal effect of sulfanilamide on strepto- 
coccus may change temporarily the invasiveness of the organism it 
does not lead to any permanent impairment in its inherent virulence, 
as we pointed out and as has been confirmed by Lyons and Mangiara- 
cine. After 2 or 3 days growth in sulfanilamide broth, our strepto- 
coccus H (adapted to rabbits), when inoculated intrapleurally in 
rabbits (m.l.d. ± 10 drains), or intraperitoneally in mice (m.l.d. ± 
1000 chains), was just as virulent as the same organism grown in plain 
broth. In such experiments the scantier growth in sulfanilamide 
broth was adjusted to equal the number of organisms in the more 
luxuriant plain broth culture by dilution of the latter. 

But the retention of potential pathogenidty docs not mean that 
one or more of the virulence factors may not be temporaril)’ in- 
hibited in the presence of sulfanilamide. We have attempted to 
harmonize, for our own satisfaction, the somewhat discordant views 
that have been offered by numerous investigators on certain of the 
virulence factors, notably hemotoxin, leucocidin and fibrinolysin. 

Ucmoloxin Production . — It has been suggested as an hypothesis 
that the production of hemotoxin (hemolysin) may be inhibited when 
streptococci are in the presence of sulfanilamide or related compounds 
(Burgers, 1938; Meyer, 1938), and some e.xpcrimcntal work has been 
presented by Osgood, by Huntington, and by King, Henschcl anrl 
Green to support this hypothesis. As an alternative c.xplanation. 
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Levaditi and Vaisman, 1935 Meyer, 1937; and Gross, Cooper and 
Lewis, 1938 a, believed that although hemotorin is formed it may 
be inactivated by the drug. There is evidence against this alterna- 
tive hypothesis, in the hands of Kemp; Gross, Cooper and Lewis, 
1938 6; Huntington; Osgood and Powell. 

The following is a brief and general description of the methods used 
and the results obtained in our investigation of the effects of sulfanil- 
amide upon hemotoxin produced by Streptococcus haemolyticus in 
vitro. 

Organisms were grown either in broth and in broth plus sulfanilamide (con- 
centrations varying from 1—1000 to 1—10,000), or in rabbit serum and rabbit 
serum plus sulfanilamide (same concentrations) for periods of 27 to 72 hours. 
This incubation period permitted the sulfanilamide to exert its modifying effects 
upon the organisms, and one of these effects was, invariably, a bacteriostasis. 
Because of this bacteriostatic effect, a plate count of the number of organisms in 
the control and in the sulfanilamide tubes was made, so that in the experiments 
equal numbers of organisms could be obtained by dilution of the controL Plate 
counts in the nineteen experiments indicated that growth of a large inoculum 
(c.g. 0.2 cc. of an 18 hour culture) of Streptococcus haemolyticus H, was always 
reduced in sulfanilamide media as compared with the control. 

Organisms, then, which have been subjected for periods of 27 to 72 
hours to the action of sulfanilamide were compared for hemotoxin 
production with their controls by means of the hemotoxin test de- 
scribed below. 

Ecmotoxin Test. — 0.2 cc. (±1,000,000 streptococci), 0.1 cc. and 0.1 cc., of a 1-10 
dilution, of the sulfanilamide-treated cultures were placed in separate Wasser- 
mann tubes. Amounts of untreated cultures diluted to correspond, in number of 
organisms, to the treated cultures were placed in other Wassermann tubes. To 
each tube 1 cc. of a 1 per cent suspension of washed rabbit red blood corpuscles 
was added, and the volume brought up to 2 cc. by addition of broth. The tubes 
were incubated at 37°C. and hemolysis noted at intervals by removing the tubes 
from the bath, centrifugalizing lightly to carry 6ovra the red cells, and comparing 
each tube in a comparator block with a series of standards. After each reading 
the tubes were shaken to resuspend the red cells, and immediately reincubated. 
The readings were continued until complete hemolysis was obser\-ed. 

; The results obtained are as follows: In ev'ery case of exposure of 
the organisms to the drug (whether in broth or in serum) the amount 
of hemolysis produced during the early hours of the test by the 
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treated organisms was less than that produced by the controls. That 
this diflference in hemolysis represents simply an inhibition in the 
ability to produce hemotoxin, or a delay only in its rate of production, 
is evident from the fact that in 15 of the 19 experiments at least one 
or more dilutions of culture of treated streptococci (6 to 7 hours) 
finally produced 100 per cent hemolysis of the red cells. 

It seemed possible that the results obtained to this point might be 
due to the fact that the control organisms were growing more rapidly 
during the course of the test than those organisms which had been 
previously exposed to the drug. To eliminate this possibility as a 
factor in the results, five experiments were performed in which (by 
means of frequent plate counts during the course of the test) a growth 
curve for the two cultures was obtained. The growth curves of the 
control and treated cultures were essentially parallel. In other 
words, the hemotoxin test was begun with equal numbers of untreated 
or sulfanilamide-treated organisms and as the test proceeded, both 
series grew out at the same rate. A given number of the untreated 
streptococci produced hemolysis more rapidly than an equal number 
of sulfanilamide-treated streptococci. 

In view of these results, the conclusion was reached that the differ- 
ence in rate and amount of hemolysis between untreated controls 
and those exposed to the drug for 27 to 72 hours represents a definite 
though temporary alteration in the ability of the treated organisms 
to produce hemotoxin. 

Experiments were also carried out to determine whether there was 
a decrease in the hemotoxin content of young streptococcus cultures 
in the presence of sulfanilamide. 

Broth cultures were used in which the organisms were exposed to the action 
of the drug (concentrations of 1-1000 to 1-10,000) for periods varj-ing from 3 to 15 
hours. In some cases the media were enriched by the addition of 2.5 per cent 
rabbit serum, in order to facilitate the production of hemotoxin. The cultures 
were centrifugalized and the supernatant fluids placed in contact with rabbit red 
cells for 30 or 60 minutes. Varying dilutions of supernatant fluids of both sulfanil- 
amide broth and plain broth cultures were used, so that allowance might be made 
for the difference in the number of organisms in the two cultures. 

Out of a series of tests, there was no indication that the sulfanilamide 
supernatant fluids contained less hemotoxin than the corresponding 
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control supernatant fluids. The results of these experiments indicate 
that culturing streptococci in the presence of 1-1000 to 1-10,000 
sulfanilamide for periods of 3 to 15 hours fails to alter the amount of© 
hemotoxin produced by such treated cultures, and that the presence 
of the drug during the production of the toxin does not serve to neu- 
tralize it. 

To determine whether sulfanilamide has any “neutralizing” action 
on hemotoxin already formed in vitro by untreated streptococci, 
the following experiments were carried out. Both Berkefeld filtrates 
and centrifugalized supernatant fluid of a 6 hour broth culture were 
prepared. To varying amounts (0.4 cc. to 0.9 cc.) of each, sulfanil- 
amide in concentrations from 1—100 to 1—2000 was added. Appro- 
priate controls without sulfanilamide were prepared. After one-half 
hour 1 cc. of a 1 per cent rabbit blood cell suspension was added and 
the time necessary for complete hemolysis noted. The results indi- 
cated that sulfanilamide in concentrations varying from 1-1000 to 
1-20,000 does not inhibit the hemolysis of a 1 per cent red cell sus- 
pension. In other words, the drug does not neutralize or inactivate 
preformed hemotoxin present in the filtrate or supernatant of an 
untreated streptococcus culture. 

Another t)rpe of experiment was conducted in an effort to check the results of 
early experiments of Osgood, who reported evidence of neutralization of hemotoxin 
by sulfanilamide as shown in blood agar plates. 1 cc. of a 1-5,000,000 dilution 
of an 18 hour streptococcus culture was added to blood agar containing sulfanil- 
amide in concentrations varying from 1-5000 to 1-100,000, and pour plates made. 
Corresponding plates without drug were prepared. One series of plates was 
incubated aerobically and another anaerobically. The number of colonies on 
each plate was counted and the average diameter of the zone of hemolysis was 
determined by measuring 30 unselected colonies on each plate. The colony 
count showed that the sulfanilamide was not bacteriostatic under these experi- 
mental conditions. Measurements of the hemolytic zones indicated no decrease 
in the amount of hemolysis present in the sulfanilamide plates in either the aerobic 
or anaerobic scries for any concentration of sulfanilamide used. From these 
results it was concluded that sulfanilamide in blood agar pour plates, incubated 
aerobically or anaerobically, does not neutralize the hemotoxin formed, or check 
the growth of streptococcus colonies prc\’iously unexposed to the drug. 

The final conclusions from our experiments, then, would be that 
residence of streptocoed in sulfanilamide broth or serum may inhibit, 
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although only temporarily, their ability to produce hemotoxin. 
However, when the unaffected streptococcus is grown in the presence 
c of varying amounts of sulfanilamide for short periods of time, no 
diminution in the hemotoxin formed can be noted. No evidence was 
found that sulfanilamide neutralizes hemotoxin alread}'^ formed. In 
short, the supposed action of sulfanilamide on streptococcus hemo- 
toxin can scarcely be used as explanatory of its therapeutic effect, 

Leucocidin Production . — ^It has been suggested as an hypothesis 
without experimental proof that the therapeutic effect of sulfanilamide 
might be due to suppression of leucocidin formation, whicli property 
of streptococcus metabolism is known to be a factor in the virulence 
of this microorganism. The mere inhibition of growth might produce 
this result quantitatively (Mellon and Bambas; Bliss and Long). 
As corroborative evidence, leucocytes are relatively more normal in 
presence of sulfanilamide in vitro (Levaditi and Vaisman, 1935 b) 
or in marrow cultures (Osgood) than when tlie drug is absent. 

We have attacked this problem more directly in the following 
manner: 

Streptococcus was grown in plain broth, as control, or in brotli plus sulfanila- 
mide (from 1-1000 to 1-10,000). In ten different experiments, Berkcfcld filtrates 
from such cultures or the supernatant fluids (at times heated to 56°C.) from 
centrifugalized cultures were used in varjdng amounts in order to equalize the 
difference in number of organisms in tlie two media. _ The Ncisser-Wcclisberg 
teclinique was employed (Gay and Oram). 

In no instance was any difference in the leucocidin content, as 
measured by reduction of methylene blue, detected in the fluids of 
the sulfanilamide-grown cultures as compared with those of broth 
controls. Moreover, when direct observations were made on the 
appearance of the cells, in from 30 minutes to 2 hours, we could 
detect no difference in the degree of their injury in the two kinds of 
filtrates. 

Fibrinolysin Production . — The species specific fibrinolysin formed 
by the hemolytic streptococcus is assuming an increasingly important 
significance in pathogenesis. Neither Huntington nor Kemp were 
able to demonstrate the inhibition of fibrinolysin in the presence of 
sulfanilamide experimentally. 
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In order to determine wlietlier sulfsnilamide interferes with the 
production or the activity of fibrinolysin, streptococcus was grown 
in broth plus sulfanilamide (1-10,000) or in broth without sulfanil- 
amide for 24, 48 or 72 hours. At these intervals the cultures were 
plated to determine the relative number of living organisms. The 
Berkefeld filtrates from these cultures, used in varying amounts to 
equalize the differences in number of organisms, were tested for 
fibrinolytic activity, by the technique of Tillett and Gamer. In all 
cases the filtrates of sulfanilamide broth cultures lysed the human 
clots at the same rate as did the filtrates from the plain broth cultures. 

The fibrinolytic activity of the broth suspensions of the centrifugal- 
ized organisms from the 48 hour sulfanilamide broth cultures was 
also compared with that of the suspensions of the broth-grown organ- 
isms, diluted in order to compare equivalent number of organisms. 
The degree of lysis was noted at intervals and as soon as lysis of a clot 
was complete the number of organisms was determined by plating 
the contents of the tube. 

The intervals of time for complete lysis of the clots by the organisms 
from sulfanilamide broth cultures were always longer than required 
for the lysis by the organisms from the broth cultures. These results, 
then, would appear to indicate that fibrinolysin is produced more 
slowly by the sulfanilamide-grown organisms, but the difference may 
be easily accounted for by the smaller number of sulfanilamide organ- 
isms at the time of complete lysis. The number of sulfanilamide 
broth-grown organisms was only one-third to one-tenth the number 
of broth-grown organisms when lysis was complete. WTien the 
fibrinolytic test was carried out with the control broth-grown organ- 
isms suspended in broth plus sulfanilamide (1-10,000) they produced 
lysis as rapidly as those resuspended in plain broth and the number 
of living organisms at that time was appro.vimately the same in the 
corresponding tubes. 

Thus, there is no inhibition in fibrinolysin production which is not 
directly referable to a difference in number of viable organisms. 

The Indirect EJject of Sulfonilamidc on Streptococcus 

Sulfanilamide and related compounds that produce bacteriostasis 
of streptococcus have been shown by one of us with Warren and 
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Stokinger, to increase the normal oxidation-reduction potential in 
the growth curve of the microorganism when grown aerobicall)L It 
produces similar though less effect in broth alone. Other similar 
but non-bacteriostatic compounds (e.g., prontosil) have no such 
action. It would seem that this change is in some way related to the 
effect of the drug on the streptococcus. 

The suggestion of Main, Shinn and Mellon, and Locke, Main and 
Mellon that sulfanilamide may act as an anticatalase, thereby allow- 
ing unhampered production of peroxide, with harmful effect on the 
streptococcus, may also be a factor of importance. This does not 
account, however, for the fact that repeated doses of sulfanilamide 
fail to convert bacteriostasis to a true lethal effect. 

Turning to another aspect of the indirect action of sulfanilamide, 
there is, and has been since the beginning of studies on this drug, 
evidence of its action simply as an adjuvant to the natural defense 
mechanism of the body. From the earliest studies the probable 
significance of mobile cell intervention has been mentioned (Domagk, 
1935; Levaditi and Vaisman, 1935 c; Long and Bliss; Biirgers, 1937), 
and in later publications this was verified by more direct observ^ations 
of macrophage phagocytosis by Levaditi and by Domagk, 1937. 

The reticulo-endothelial system would not seem directly concerned 
with the rapid results obtained in chemotlierapy by sulfanilamide 
(Levaditi and Vaisman, 1935 c; Gross, Cooper and Peebles). In our 
previous publication we also found no histological change in the fixed 
tissues which would account for the macrophage accumulation that, 
in our minds, accounts for the second and ultimately destructive 
effect m vivo that follows bacteriostasis by the drug. Although pro- 
longed use of the drug does apparently lead to a reticulo-endothelial 
proliferation, in the hands of Davis cl al., tliis cannot, we believe, 
account for the immediate chemotherapeutic result. Sulfanilamide 
does not in itself attract leucocytes (Gay and Clark; Coman). There 
is no evidence that the microorganisms become drug-fast (Osgood). 
What the drug does do to the organisms is to render them temporarily 
impotent, and to reduce in slight degree their pathogenic properties. 
This inhibitory effect allows mobile cells, particularly the mononu- 
clear cells of the connective tissue, the opportunity to accumulate, 
to approach, and to phagocyte the disabled bacteria. This accumu- 
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lation we have already demonstrated histologically in the pleural 
walls. 

Our hypothesis as to the signal importance of host cells in sul- 
fanilamide cure has hitherto been based largely on these histological 
studies of the tissues surrounding an area in which cure under the 
influence of sulfanilamide was taking place. The work as reported 
seemed to show a direct relationship between the disappearance of 
the enfeebled streptococcus and local mononuclear cell mobilization. 
We turn now to evidence tending to show that phagocytosis is more 
active with sulfanilamide-treated cocci or in the body of sulfanilamide- 
treated animals. For this approach we find more corroboration by 
other writers. Finkelstein and Birkeland found that guinea pig blood 
leucocytes phagocyted in vitro more streptococci in the presence of 
sulfanilamide in certain concentrations. Burgers, 1938; Osgood; 
and Mellon and Bambas, however, found no evidence of any such 
alleged opsonic action. We have used leucocytes both from rabbit 
and guinea pig exudates and completely failed to confirm the results 
of Finkelstein and Birkeland. 

We have approached this question experimentally in three different 
ways: 

1. Sterile exudates were obtained from the pleural cavities of rabbits which 
had been inoculated with an aleuronat-starch mixture 24 or 48 hours previously. 
Some of the rabbits had received subcutaneously 4 to 7 injections of 10 or 20 cc. 
each of sulfanilamide (2 per cent). The injections were given from 24 or 48 
hours until 3 to 4 hours before removal of the exudate. The controls were un- 
treated. Streptococcus H (0.1 cc. or 0.2 cc. of an 18 hour broth culture) was 
added to the two kinds of pleural exudates (0.3 cc. to 0.8 cc.) and kept at 37°C., 
with constant agitation. Films were made at 1 and 2 hour intervals. At least 
200 cells from each preparation were counted. In six experiments the amount of 
phagocytosis was practically the same in the exudates of the treated (average of 
phagocytic cells 4 per cent), as of the normal rabbiU (average of phagocytic cells 

3.5 percent). 

2. MTien immune serum was added to the exudates there was slightly more 
phagoc>'tosis in the c.xudate of the sulfanilamide-treated rabbits (average phago- 
cytic cells 8.5 per cent) than in the normal exudate (average phagocytic cells 

6.5 per cent). 

These experiments show dearly that no definite difference is observ- 
able in the in vitro phagoc>'tosis by exudate cells from sulfanilamide- 
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treated rabbits, as compared with that of normal rabbits. The 
experiments, however, do not reproduce the actual conditions that 
obtain in therapeutic results in the body, in which latter the strepto- 
cocci have been subjected over a longer period of time to successive 
doses of sulfanilamide. 

Lyons and Mangiaracine have found that adult or infant human 
leucocytes, which have no effect on normal streptococci, do phagocyte 
streptococci that have been repeatedly subcultured in sulfanilamide. 
Our experiments with rabbit leucocytes agree with these results: 

3. Leucocytes were obtained from the pleural exudate of 24, 48 and 72 hour 
aleuronat-starch prepared rabbits in six different experiments. Cultures were 
grown 24, 48 and 72 hours, either in plain broth or in broth containing sulfanilam- 
ide 1-10,000. Mixtures of whole e.xudate or its leucocytes in serum were made 
with treated and untreated streptococci. Tubes were agitated at 37°C. and 
counts made after and 1 hour. Smears. 200 cells or more of each preparation 
were counted. 


Whole exndale 

Sulfanilamide broth streptococci 
Broth streptococci 

Leucocytes -f normal rabbit scrim, 56°C. 
Sulfanilamide broth streptococci 
Broth streptococci 

Leucocytes -f- rabbit immune serum 
Sulfanilamide brotli streptococci 
Broth streptococci 


Average of phagocytic cells 

per cent 

31.3 

21 


28. 5 
9 


42.5 

34.1 


In all instances phagocytosis is greater when sulfanilamide-grown 
streptococci are put in contact with pleural exudate leucocytes, from 
the rabbit. This is true whether the phagocytic index is based on the 
percentage of all cells that are phagocytic or on the average number 
of chains of streptococci in each phagocytic cell. 

When we turn to observations on the degree of phagocytosis in the 
animal body under treatment with sulfanilamide, several sets of 
experiments arc already available. Levaditi and Vaisman, 1935 c, 
Bliss and Long, and Domagk, 1937, have all given evidence that the 
peritoneal exudate of sulfanilamide-treated mice shows greater 
phagocytosis of streptococci than the exudate of normal animals. 
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Our own experiments along this line, both in mice and in rabbits, 
also seem unequivocal. 

1. Injection of Sulfanilamide-Grown or Normal Streptococci Intraperitoneally 
in 3fjce.— Streptococci grown for 48 hours, either in plain broth or 1-10,000 
sulfanilamide broth, were centrifugalized and, after conservation at 0° while 
counts were made, were suspended in fr^h broth so as to give the same number of 
organisms per cc. 0.5 or 1 cc. amounts of such suspensions were injected intra- 
peritoneally in mice. The cavities had usually been prepared 2 to 3 hours before 
by broth injection. The exudates were examined in smears from H to 6 hours 
later. After 4 hours the organisms were so numerous that accurate counts were 
impossible. Both types of culture produce a fatal infection. 

In the earlier stages (H to 1 hour) the average number of phagocytic cells 
containing sulfanilamide streptococci was 33.3 per cent, whereas only 20.3 per 
cent of cells contained the normal broth organisms. Counts made at later intervak 
showed much less difference, indirectly indicating that the sulfanilamide-treated 
organisms had regained their virulence. 

2. Phagocytosis of Streptococci in Peritoneal Cavities of Mice Treated with Sulfan- 
ilamide, and of Normal Mice. — Mice were given intraperitoneal injections of 1 cc. 
(1-100) to 0.5 cc. (1-10) of an 18 hour broth culture of streptococcus H. This 
is approximately 1000 h.l.d. as this culture, adapted to rabbits, is relatively less 
virulent for mice. Cavities of a few were prepared 2 to 3 hours previously with 
broth. Half of the mice were treated subcutaneously with 0.5 cc. of 2 per cent 
sulfanilamide and the others left as controls. The majority of the treated animak 
were given the drug 2 and 4 hours after infection, but a few received it simulta- 
neously or a few hours previously. Observations and counts were made on the 
exudates removed at hourly intervak for from 2 to 8 hours. Observations on 
7 treated animak and 6 controk are included. 5 controk were dead before 24 
hours, and 1 treated mouse died in 48 hours. 

The average counts of phagocytic celk on the entire range from 2 to 8 hours 
do not show any higher percentage of phagoc>'tosis in the sulfanilamide-treated 
mice than in the controk. IMien the counts of the later periods only (6 to 8 
hours) were averaged, there was a slight difference shown, 10.8 per cent for the 
sulfanilamide-treated mice, and 7 per cent for the control mice. 

3. Phagocytosis in Pleural Cavities of Rabbits Treated with Sulfanilamide as 
Compared with Thai in Cavities of Normal Rabbits.— Rabhit pleural cavities were 
prepared cither 24 or 48 hours previously with aleuronat-starch, or 3 hours pre- 
viously with broth, and injected intraplcurally with concentrated fresh broth- 
grown cultures of streptococcus H (approximately 250 million). Half of these 
rabbits (total 4) were given injections of sulfanilamide subcutaneously; the first 
1 to 3 hours before and a second simultaneously, or 1 hour after the injection of 
streptococcus. The c-xudates were examined 2 to 4 hours after infection. There 
vas a control rabbit in each of the four experiments tried. 
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The average percentage of phagocytic cells in the sulfanilamide-treated rabbit 
was 14 per cent, as contrasted with 5 per cent phagocytic cells in the contrc 
rabbits. 

It is difficult in experiments of this type, and particularly wth thi 
strain we have employed, to obtain conditions of treatment by sul 
fanilamide that will result in cure, and at the same time guarantee th( 
presence of sufficient numbers of streptococci to afford good estimate; 
of the degree of phagocytosis. In our mouse experiments, sulfanil 
amide-grown streptococci are at first better phagocyted hi vivo thar 
are normal cocci. In the experiments with sulfanilamide-treatec 
mice, although a curative dose is used, superior phagocytosis is not 
clearly demonstrable. 

Our experiments in the rabbit pleural cavity would seem clearly to 
indicate that even when enormous multiples of the lethal dose are 
employed (to give phagocytic pictures) phagocytosis is definitely 
superior in sulfanilamide-treated animals, as contrasted with untreated 
rabbits. 


CONCLUSIONS 

The precise mode of therapeutic action of sulfanilamide on strepto- 
coccus can be arrived at only by considering the sum total of factors 
that inhibit or favor the natural growth of the microorganism under 
the experimental conditions that obtain, whether in vivo or in vitro. 
Too sweeping conclusions have hitherto been drawn from the study of 
a single variable factor, such as an unfavorable temperature or the 
absence or presence of peptone. We have attempted here to analyze 
the factors that have hitherto been recognized and some new ones, 
but particularly the relationship of these factors to one another. 

The result obtained on adding sulfanilamide to the streptococcus 
in the test tube is usually bactcriostasis and not complete destruction 
of even small numbers of bacteria. This is on the condition that the 
suspending medium is a favorable one for the growth of the micro- 
organism; the more growth-promoting the medium is the less the 
bactcriostasis. If, on the other hand, the medium is too poor, or 
one that in itself inhibits growth, the addition of sulfanilamide may 
lead to sterilization of the culture. 
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The conditions for growth of the streptococcus in the body of the 
rabbit or mouse, depend on the strain of bacteria used, but are on the 
whole favorable. Defence, however, in the form of phagocytosis by 
both polymorphonuclear and by mononuclear cells is attempted even 
in the susceptible animal. When sulfanilamide is used to treat such 
an animal, or when sulfanilamide-grown (inhibited) streptococci are 
employed, phagocytosis is pronoimced, whether studied in the test 
tube or in the animal body. In the rabbit the delay by sulfanilamide 
and resultant increased phagocytosis by polymorphonuclears allows 
mononuclear cells to accumulate and recovery may result. 

Sulfanilamide not only does not completely destroy the strepto- 
coccus but does not even impair its innate virulence. It acts upon 
the streptococcus not only by inhibiting growth but by a temporary 
inhibition of hemotoxin formation, but only under certain conditions. 
The drug does not neutralize hemotoxin already formed. No sig- 
nificant effect of sulfanilamide on the formation of leucoddin or 
fibrinolysin by streptococcus has been evident in our experiments. 

Sulfanilamide differs in one important respect from other drugs 
that are destructive either in the test tube or actually in the body, for 
protozoa and bacteria. Protozoa fix or adsorb arsenicals and acri- 
flavine that kill them variably in vitro and in vivo. Streptococd fix 
both gentian violet and acriflavine, which dyes have marked destruc- 
tive action in the test tube but are less effective in vivo. Sulfanilamide 
is not diminished at all by contact in vitro with large masses of strepto- 
cocci, nor does the action of this drug render the microorganism more 
capable than untreated cocci to adsorb gentian violet or acriflavine, 
or to be destroyed by these highly bacteriddal substances. 
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Fibroblasts cultivated according to the flask technique in a plasma 
coagulum -with embryo juice as nutrient fluid do not proliferate con- 
tinuously. Generally, after 2 or weeks of cultivation the cells stop 
multiplying although only a small portion of the coagulum is covered 
with tissue. If a part of the tissue is transferred to a new coagulum, 
growth is resumed. If it is not so transferred, the cells degenerate. 
Investigators who have attempted to find the cause of this cessation 
of growth and subsequent degeneration of the cells, have generally 
attributed it either to changes that occur in the physical structures of 
the coagulum, or to the accumiflation of toxic products therein.’^ 
Some of these investigators have cut out a section of the old coagiflum 
in which fibroblasts had stopped growing and have filled in the aper- 
ture with fresh plasma. The renewed growth that resulted was taken 
as evidence that the cells were able to invade a newly formed coagulum 
but did not have the power to invade one that had aged.* Acting on 


this hypothesis, Mayer has developed a technique for growing large 
colonies of fibroblasts by periodically cutting away aU the old coagulum 
surrounding the colony of cells and then, building a new coagulum 
around them. Embrj^o juice is supplied, of course, as the nutrient. 
In this way he has obtained cell colonies 2| cm. in diameter.® But in 


* Reported in brief in Proc. Soc. Exp. Biol, and Med., 1938, 39, 369. 

* Ephrussi, B., Arch. anal, micr., 1933, 29, 95. Fischer, A., Cylologia, 1930, 
1, 217. Vircho-xs Arch. path. Anal., 1930, 279, 94. Mayer, E., Arch. Ent- 
-xcklngsmcchn. Organ., 1933, 130, 382; Compl. rend. Soc. biol, 1935, 119, 422. 
Olivo, 0. M., Arch. exp. ZeUforsch., 1931, 11, 272. 

= Ephrussi, B., Ard:. anal, micr., 1933, 29, 95. Fischer, A., Cylologia, 1930 
1, 217. ’ 

® Mayer, E., Compl. rend. Soc. biol., 1935, 119, 422. 
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all of this work no attention has been paid to the nutritive value of the 
serum that is gradually removed from the coagulum as cultivation is 
continued, and is present again when a new coagulum is formed. The 
purpose of the present investigation was to ascertain if it is not the 
removal of this serum, rather than the aging of the coagulum, that is 
responsible for the cessation of growth. Or, to express it in anotlier 
way, to ascertain if the cessation of growth were not due to an inade- 
quacy in the food supplied. 

Preliminary Experiment 

To test this hypothesis, two fragments of chick heart fibroblasts from a 23 
year old strain were embedded in a Carrel flask in a coagulum containing 33 per 
cent plasma, and cultivated for 9 days in 33 per cent embrj'o juice.'* By this time 
their initially rapid growth had already decreased to a noticeable degree.® 2 
drops of chicken serum were then given every 2 days in addition to the cmbrj’O 
juice that had previously been supplied. Active growth was immediately re- 
sumed. However, after 9 more days of cultivation, it was evident that the rate 
of growth was decreasing again. Since the colonies had now become quite large 
it seemed that this decrease in growth might be due to an insufficient amount of 
food rather than to an inadequacy in the nature of the food given. Therefore, 
the concentration of the embryo juice in the medium was increased from 33 to 
66 per cent, and the serum was given as before. Again, active growth was re- 
sumed; and this time it continued until the edge of one of the colonies readied 
the vertical side of the flask. A growth cur\'e of one of these colonics showing the 
changes in rate of growth with each change in the medium is reproduced in 
Te.\t-fig. 1. 

These results indicate that two changes in procedure arc required 
to produce continued growth of heart fibroblasts; first, tliat scrum as 
well as embryo juice should be given, and second, that the embryo 
juice should be supplied in higher concentration than has previously 
been thought desirable. The c.xpcrimcnts that follow were designed 
to test each of these hypotheses in as thorough a manner as possible. 

*Thc cmbrj'o juice was prepared by c.xtracting one volume of the latapic 
pulp of 9 or 10 day old embrj-os with 3 volumes of Tyrodc’s solution. 

® The coagulum in this e.xpcrimcnt ■was made of horse plasma. This accounts 
for the decrease in the rate of growth sooner than it is usually obseia'cd with tissues 
embedded in coagula made of chicken plasma. 



Area of growth 



Days cultivated Days cultivated 

Text-Fig. 1 Text-Fig. 2 

Text-Fig. 1. Experiment 15S6S-D. Growth curve of chick heart fibroblast culture from 
a 23 year old strain which was cultivated for 9 days in 33 per cent embry'o juice, then for 9 
days in 33 per cent embryo juice and 8 per cent chicken serum, and finally for 11 days in 66 
per cent embryo juice and 8 per cent serum. Two tissues in a flask. Coagulum made of 
dtrated horse plasma. 

Text-Fig. 2. Experiment 157S3-D. Comparison of extent and duration of growth of 
sister colonies of chick heart fibroblasts in their sc\’enth passage in vitro, one cultivated in 
66 per cent embryo juice, the other in 66 per cent embryo juice supplemented with 8 per 
cent chicken scrum. A single fragment of tissue in each flask. Coagula made of chicken 
plasma. 
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Confirmatory Experiments 

The confirmatory experiments tliat were made may be divided into 
tliree groups. Those in the first group were designed to test tlie 
extent and duration of growtli of sister colonies of fibroblasts when 
one was given embr}'^o juice alone in the nutrient fluid, the other a 
mixture of embryo juice and serum. 66 per cent embryo juice was 
supplied to both cultures in some of these experiments, 33 per cent in 
otliers. The concentration of serum was varied from 4 to 8 per cent. 
In the second group of experiments the extent and duration of growth 
of sister colonies of fibroblasts was compared when one was cultivated 
in 33 per cent embr3^o juice, the other in 66 per cent embrj'^o juice. 
In some of these experiments no serum was given to either culture. 
In others, serum was supplied to both. The third group of experi- 
ments was designed to ascertain whether the serum was needed mainly 
as a nutrient or functioned merely to preserve the coagulum. In tlie 
first of tliese experiments embryo juice at 66 per cent concentration was 
given to both cultures. One of them received 4 per cent serum in 
addition, the other 8 per cent serum. Then sister colonies of fibro- 
blasts were cultivated without a coagulum, one in embryo juice alone, 
the other in a mixture of embryo juice and serum. 

Procedure Followed in the Confirmatory Experiments 

All the experiments were performed first witli chick heart fibroblasts from a 23 
year old strain. Then a number of them were repeated with chick heart fibro- 
blasts from a new strain that had been cultivated only six passages in vitro before 
it was taken for these experiments.® Each culture was divided into two equal 
parts. These were cultivated in separate Carrel flasks 35 cm. in diameter. With 
the e.xception of the few e.\periments in which a fluid medium was used, they were 
embedded in coagula 1.2 cc. in volume, containing 33 per cent plasma, and cmbr\-o 
juice at whatever concentration was to be used in the medium. Homologous 
plasma was used in some of the experiments, heterologous plasma (citrated horse 
or citrated irradiated cow plasma) in others. Coagulation of the citrated plasma 
was brought about by the addition of calcium-Ringer’s solution prepared as 
described by Vogelaar and Erlichman.' Unless otherwise specified, a single 

®A few c.vpcriments were also made with fresh heart tissue taken directly 
from the embryo. A longer time was required to obtain the results with the 
fresh tissue since it contained enough stored nutriment to maintain the cells for 
some time. 

'Vogelaar, J. P. M., and Erlichman, E., Am. J. Cancer, 1933, 18, 2S. 
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fragment of tissue was placed in each flask as near the center of the coagulum as 
possible. ■\\Tien the coagula were made with homologous plasma, no serum was 
given during the first week of cultivation since that already in the coagulum 
sufficed during this time. Phenol red at 0.005 per cent concentration was in- 
corporated in all media to serve as an indicator of pH, and the acidity was adjusted 
by using a gas mixture containing 3 per cent COj, 21 per cent O 2 , and /6 per 
cent Nj. Every 2 days the cultures were washed for 2 hours at 37°C. with 
cc. of their respective media. Then this wash fluid was withdrawn and the 
cultures were returned to the incubator, \^^lenever the cell colonies became 
very large, new medium was given every 24 hours instead of every 48 hours, and 
0.5 cc. of medium was placed on the culture after the wash fluid had been with- 
drawn. The embryo juice was generally made by extracting for hour one 
volume of pulp from 9 or 10 day old chick embryos with three volumes of Tyrode’s 
solution. In some instances the embryo juice was made with glucosol solution. 
Then Tyrode’s solution containing twice the usual amount of bicarbonate was 
used to complete the media. The serum was taken in each instance from adult 
cocks. 

Comparison of Growth in Embryo Juice with and without Serum 

In the experiments of group I, in -which the tissues -were embedded 
in homologous plasma and embryo juice was supplied at 66 per cent 
concentration, the sister colonies, i.e., those given embryo juice alone 
and those given seriun -with the embryo juice, proliferated very rapidly 
and at approximately the same rate for 11 or 12 days. Then the 
colonies that -were being cultivated in embryo juice alone suddenly 
liquefied the coagula. Those that were given serum -with the embryo 
juice continued their active proliferation until the entire coagulum 
was covered with tissue (Text-fig, 2). Thus, colonies that were 3 to 
3-^- cm. in diameter were obtained. The time required for the cells 
to cover the coagulum varied -with the original condition of the tissue. 
The new strain of fibroblasts that had been cultivated only six passages 
in vitro before it was taken for this experiment proliferated so rapidly 
that the cells from a single fragment of tissue covered the coagulum in 
17 days. Single fragments of tissue from the 23 year old strain re- 
quired from 25 to 36 days in the different e.xperiments. 

In an attempt to circumvent digestion of the coagulum by the tissue 
cultivated in embrjm juice alone the experiments described above were 
repeated, using heterologous plasma in making the coagula. Under 
these conditions liquefaction of the clot was delayed but not prevented. 
However, before the coagula were digested a marked difference in the 



630 


CESSATION or GROWTH OF FIBROBLASTS 


rate of growth of the colonies cultivated with and without serum was 
noted. Those that received serum with the embryo juice increased 
in area and also in density more rapidly than those cultivated in 
embryo juice alone. While the colonies cultivated in embr3'o juice 
alone proliferated mainly at the periphery of the culture, those culti- 



Text-Fig. 3. E.xperiment 15477-D. Comparison of the growth of sister 
colonies of chick heart fibroblasts from a 23 year old strain embedded in coagula 
made of irradiated, citrated cow plasma, one cultivated in 66 per cent embo’o 
juice, the other in 66 per cent embryo juice and 8 per cent chicken scrum. Two 
fragments in a flask. The tissues were transplanted into new coagula on the 21st 
day because those in embryo juice alone were beginning to digest the coagulum. 

vated in the mixture of serum and embryo juice proliferated to a 
considerable extent at the center as well, and formed colonics con- 
taining many layers of cells. After 2 or 3 weeks of cultivation the 
colonies that were given embryo juice alone liquefied the coagula. 
Those cultivated in embryo juice and serum proliferated as long as 
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cultivation was continued. Curves illustrating the difference in rate 
of growth, in one of these experiments, in which the tissues were trans- 
planted when those in embryo juice alone began to digest the coagu- 
lum, are reproduced in Text-fig. 3. 

To see if the difference in the rate of growth observed in the heterol- 
ogous plasma could he observed in homologous plasma also, the 
experiments were made once more in coagula of homologous plasma. 
But this time, the clots were washed as soon as coagulation had 
occurred so as to remove a considerable part of the senun they con- 
tained. Under these conditions the same difference in growth was 
observed as had been noted in the heterologous plasma (Text-fig. 4). 

The results obtained in 33 per cent embryo juice differed consider- 
ably from those just described. The control colonies, i.e., those given 
embryo juice alone as nutrient fluid, behaved differently in different 
experiments. Usually they proliferated rapidly at first, then more 
slowly, and finally not at all. Soon after their proliferation ceased, 
the cells degenerated. The growth curve of these colonies was the 
typical S-shaped curve that has frequently been described.® How- 
ever, in a few instances, growth continued 28 days or longer (Text- 
figs. 5 and 6). Therefore, colonies of large area were formed, but the 
cells in those colonies were scattered and the tissue was exceedingly 
thin. It was obvious, moreover, that the cells within these colonies 
were gradually digesting the coagula, and obtaining additional nutri- 
ment thereby. The coagula became thinner and thinner, and in cer- 
tain instances appeared to be consumed in that region that was 
covered with cells. WTien serum was given with the embryo juice, 
the coagula retained their original thickness for a long time. More- 
over, the tissue formed in the mixture of embryo juice and serum was 
always more dense, and was composed of a larger number of cell layers 
than was that formed by the sister colony cultivated in embryo juice 
without serum (Figs. 1, 2, and 3). When 8 per cent serum was given 
with 33 per cent embiy^o juice the cells became quite granular, and the 
colony cultivated in embrj'o juice and serum increased in area less 
rapidly than the sister colony that was given only embryo juice in the 
nutrient fluid. But since the growth continued for a longer time 
when serum was present, the colonies in the mixture of embryo juice 
and serum eventually outgrew those given embrj'o juice alone (Text- 
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Days cultivated 


Text-Fig. 4 Text-Fig. 5 

Text-Fig. 4. Experiment 15747-D. Comparison of the growth of sister colonics 
of chick heart fibroblasts from a 23 year old strain, one cultivated in 66 per cent 
embr 3'0 juice, the other in 66 per cent embr^'o juice and 8 per cent senim. Coag- 
ula made of chicken plasma and then washed to remove a part of tlie scrum. 

Text-Fig. 5. Experiment 15S26-D. Comparison of the growth of sister colonics 
of chick heart fibroblasts from a 23 year old strain, one cultivated in 33 per cent 
cmbrj’o juice, the other in 33 per cent embryo juice supplemented with S per cent 
serum. Coagula made of chicken plasma. One fragment of tissue in a flask. 'Ihc 
colony in embn-o juice alone consisted of a verx’ thin growth of rather scattered cells. 
The other formed a dense tissue. The former derived additional nourishment by 
slow digestion of the coagulum. 


632 




LILLIAN E. BAKER 


633 


fig. 5). When 4 per cent serum was given with 33 per cent embryo 
juice, the cells remained in excellent condition; and the colony which 
received the senun increased in area and also in thickness more rapidly 
than did the sister colony that was cultivated in embryo juice without 
serum (Text-fig. 6). But growth in this medium was not continuous. 
After colonies 2 or cm. in diameter were obtained, proliferation 
ceased. Yet the cells cultivated in the mixture of 33 per cent embrj’^o 
juice and 4 per cent serum did not degenerate, as those in embryo 
juice alone did. Some of them were kept under cultivation for 2 and 
3 months. Throughout this time they seemed to be in good condition. 
Then, when a small fragment of the tissue was transplanted, they 
proliferated again. It seems, therefore, that an equihbrium is reached 
in this medium in which the food supplied is sufficient to maintain a 
large colony of cells, but is not sufficient to promote further prolifera- 
tion. 

Comparison of Growth in 33 Per Cent and 66 Per Cent Embryo Juice, 
with Serum, and without Serum 

In all those experiments in which the growth in 66 per cent embrj'o 
juice was compared vath that in 33 per cent embryo juice, a much 
more rapid growth was always obtained at the higher concentration. 
YTien no serum was supplied with the embryo juice the colonies that 
were given embryo juice at 66 per cent concentration always hquefied 
the coagulmn. Those cultivated in 33 per cent embryo juice pro- 
liferated actively at first then more slowly, and then as a rule degen- 
erated without digesting the coagulum. When serum was given with 
the embryo juice the colonies that received embryo juice at 66 per cent 
concentration proliferated until the entire coagulum was covered 
with tissue. Those given embryo juice at 33 per cent concentration 
proliferated for a very long time but never filled the flask (Text-fig. 7). 

Cultivation with and without a Coagulum in Media Containing Different 

Amounts of Serum 

So much has been said concerning the probable effect of changes 
in the physical structure of the coagulum on growth that it seemed 
ad\’isablc to establish, if possible, whether the growth-promoting effect 




Days cultivated Days cultivated 

'Dext-Fig. 6 Text-Fig. 7 

Text-Fig. 6. Experiment 15811-Di+j. Growth curves of sister colonies of chick 
heart fibroblasts in their seventh passage »;» vilro, one of which was cultivated in 
33 per cent embij'O juice, the other in 33 per cent embryo juice supplemented with 4 
per cent serum. A single fragment of tissue in each flask. Coagula made of chicken 
plasma. The tissue in embryo juice alone was not as dense as the other, and it 
digested its coagula at a very slow rate. 

Text-Fig. 7 . Experiment I78II-D7+J. Growth curves of sister colonics of chick 
heart fibroblasts in their seventh passage in vilro, one of which was cultivated in 33 
per cent embrj-o juice supplemented with 4 per cent scrum, the other in 66 per cent 
embryo juice supplemented with the same amount of serum. A single tissue in 
each flask. Coagula made of chicken plasma. 
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of the serum, described under the experiments of group I, was the 
direct effect of nutrients in the serum, or the indirect effect of its 



Text-Fig. 8 Text-Fig. 9 

Text-Fig. 8. Experiment 159U-D. Growth curves of sister colonies of 
chick heart fibroblasts from a 23 year old strain, one cultivated in 66 per cent 
embiyo juice and 4 per cent serum, the other in 66 per cent embryo juice and 8 
per cent serum. 

Text-Fig. 9. Experiment 15818-D. Areas attained in 11 days by four sister 
colonies of chick-heart fibroblasts in their seventh passage in vitro, when cultivated 
in fluid medium, two of them in 33 per cent embryo juice, one in 33 per cent em- 
bryo juice and 4 per cent serum, and one in 33 per cent embryo juice and 8 per 
cent scrum. 

prcscn-ativc action on the coagulum. In the first experiment made to 
throw some light on this question, sister colonies of fibroblasts were 
cultivated in 66 per cent embryo juice. One of them was given 4 
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per cent serum in addition, the other 8 per cent serum. The coagulum 
was preserved in both instances, but greater proliferation was obtained 
with 8 per cent serum (Text-fig. 8). In the second experiment the 
tissues were cultivated in fluid media, in embr 3 ’’o juice alone, and in a 
mixture of embryo juice and serum. Cells from the colonies culti- 
vated in embryo juice alone migrated out onto the glass, but the tissue 
that was formed broke up almost immediately into islands of a few 
cells each, then into isolated cells which soon died (Figs. 4 and 5). 
Those cultivated in the mixture of embr 3 ^o juice and serum proliferated 
much more actively. The cells migrated out onto the glass and formed 
a tissue of connected cells which showed no tendency to break up into 
isolated cells. Then groups of cells migrated furtlier out, forming 
islands of tissue that covered the entire flask®- ® (Figs. 6 and 7). In 
these experiments as in those just described, a marked difference in 
the rate of growth was noted according to the amount of serum sup- 
plied, that in the medium containing 8 per cent serum being greater 
than that in the medium containing only 4 per cent (Text-fig. 9). 

DISCUSSION 

It is evident from the results described above that the primary 
cause of the discontinuance of growth of heart fibroblasts when they 
are cultivated in a plasma coagulum with embr 3 'o juice as nutrient 
fluid is the removal of scrum from the coagulum. When scrum as well 
as embr 3 ^o juice is supplied in the nutrient fluid the cells proliferate 
more activel 3 '^ and for a longer time than thc 3 ’- do in cmbr 3 ’^o juice alone. 
Yet active growth docs not continue unless the embr 3 '-o juice is given 

® A strikingly different result was obtained with fresh heart tissue in fluid 
medium. Fairly large colonics of fibroblasts were obtained in cmbr 3’0 juice 
alone, and these adhered to the flask for a much longer time than did the tissue 
cells from the pure strain. No attempt has been made to ascertain for how long 
a time the tissue could be cultivated under these conditions. 

® Fibroblasts have been cultivated by dcs Ligneris for several months in hang- 
ing drop cultures in a medium prepared by extracting cmbrj’O pulp with scrum. 
No attempt was made in that work to ascertain the relative part played b)’ the 
two constituents of the medium. The precipitate that was formed in the medium 
on standing also appeared in this work and eventually obscured the outline of the 
cells (dcs Ligneris, JI. J. A., AreJ:. exp. ZcUforsch., 1936, 18, ‘142). 
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at higher concentration than that usually supplied. The question of 
promoting continuous growth seems, therefore, to be mainly a question 
of supplying adequate nourishment. A means must be found, of 
course, of bringing the nourishment into intimate contact with the 
cells, and of removing the waste products. The efficiency with which 
this is done assumes ever greater importance as the mass of the tissue 
increases. The serum functions in two ways. It supplies nutriment 
that is needed by the cells and prevents digestion of the coagulum. 
Sometimes in its absence the cells digest the coagulum at a verj’- slow 
rate and obtain thereby enough nutriment to enable them to live for a 
considerable period of time, but their proliferation under these condi- 
tions is never as rapid as it is when serum is present. 

That serum is a valuable nutrient for fibroblasts has been known 
for a long time. Carrel in his first experiments with tissues cultivated 
outside the body maintained heart and other embryonic tissues in 
plasma and serum for 2 months or longer.^® Olivo in 1931 cultivated 
a fragment of embryonic heart for 6 months in diluted plasma and 
serum and Parker maintained fibroblasts from various sources in 
diluted serum for periods extending from 92 days to an entire year.^s 
But in all of these experiments growth was exceedingly slow. In 
Carrel’s experiments the fragments grew smaller and smaller, a part of 
the tissue being lost at each transfer. Olivo reports that in 6 months 
cultivation the fragment only doubled its size; and Parker states that 
while serum promotes a slow growth, the first effect of the serum is 
invariably injurious. The degree of injury, and also the abifity of the 
cells to utilize the serum and proliferate in it varies with the different 
strains, i.c., according to the source from which they are derived. 
Fibroblasts from heart utilized the serum less readily than did the 
other strains and suffered greater injury' at first.»= Moreover, in 
Parker’s experiments the muscle fibroblasts which he cultivated for an 
entire year grew so slowl}’- that it was not necessar}’' to transfer them 
to a new flask throughout that time. The marginal cells of such 

Carrel, A., J. Am. Med. Assn., 1911, 57, 1611; J. Exp. Med., 1912 16, 516. 

” Olivo, 0. M., Arch. exp. Zellforsch., 1931, 11, 272. 

Parker, R. C., J. Exp. Med., 1933, 68, 97; 1936, 64, 121. 
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cultures invariably died, although new ones came from the central 
fragment at periodic intervals. 

Earle has reported that horse serum is a satisfactory medium for 
mammary carcinoma and normal fibroblasts taken from the sub- 
cutaneous tissues of the rat, and that the growth of these tissues in 
horse serum is increased by the addition of embryo juice. He also 
records in passing that the fibroblasts grew more activel)'’ in this mi.x- 
ture than in any he had tried.^* Lewis, and Gey and Gey have found 
mixtures of human cord serum, rat serum, and embrj’^o juice the most 
suitable medium for sustaining growth of various tissues in their 
roller tube technique.^^ Yet the idea that heart fibroblasts require 
only embryo juice as a nutrient still persists. Moreover, none of 
these workers have attempted to show by comparative tests the part 
played by the serum in producing and maintaining growth. Tlierc- 
fore, although some of the results reported^® here are implied in some 
of this work, it has seemed advisable to report these comparative 
experiments which demonstrate that even that strain of fibroblasts 
which utilizes serum the least readily of all the fibroblasts, when 
serum alone is given, actually requires serum for its growth. 

No effort has been made in this work to determine the optimum 
ratio of serum to embryo juice or the exact composition of a medium 
that would promote maximum growth. It is evident, nevertheless, 
that the concentration of serum should be varied with tliat of the 
embryo juice. 

It is probably important to note that these e.\periments do not 
necessarily invalidate those reported many years ago by Carrel and his 

” Earle, W. R., Am. J. Cancer, 1935, 24, 567, 

Lewis, W. H,, Carnegie Instiiution of Washington, Pub. No. 150, Coiiinb. 
Embryol., 1935. Gey, G. O., and Gey, M. K., Am. J. Cancer, 1936, 27, 45. 

The experiments reported here were actually performed in 1933 and 1931. 
Pressure of other work being done at the time prevented their immediate publica- 
tion. Then this other work which implied these results appeared, so publication 
did not seem essential. Yet because these experiments show better than others 
the real part played by the serum, and because of the persistence of the idea that 
serum inhibits the growth of heart fibroblasts, it has seemed advisable to present 
them at this time. 
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coworkers*® on the inhibiting effect of serum when it is used with em- 
bryo juice. In those old experiments serum was always used at high 
concentration, usually as H or % of the medium; while here it was 
used at 8 per cent concentration or less.” In a few of these experi- 
ments, in which the embryo juice was used at 33 per cent concentration 
and serum was given at 8 per cent concentration,” the effect which 
serum had in restricting the area of migration was very evident. 
Moreover, the cells became very fatty and granular when the ratio 
of serum to embryo juice was too high. Since serum is antitryptic 
in its action, and since the embrj'o juice is enzymatic, it may well be 
that a high concentration of serum prevents growth by inhibiting 
enz 3 rmatic action, while a low concentration promotes it. It is also 
important to note that these experiments do not necessarily mean that 
it is impossible to prepare from embryos alone a medium that will 
meet all the nutritive requirements of the fibroblast; but imtil the 
continuous proliferation of fibroblasts in embryo juice alone has 
been found possible, it will be well to consider serum as an essential 
part of the medium. 

The findings reported here apply only to heart fibroblasts since 
it is only heart fibroblasts that have been used in this work. In all 
probability the same will be found true of fibroblasts from other 
sources. However, it is not advisable to assume that such is the case 
for all fibroblasts until it has been submitted to experimental test, 
for as Parker has shown, fibroblasts of different origins have different 
nutritional requirements. 


SUMMARY 

Experiments designed to ascertain the reason for the cessation of 
growth of heart fibroblasts when they are cultivated in a plasma 
coagulum with embr>m juice as nutrient fluid have shown that it is 
due, first, to the gradual removal of serum from the coagulum, and 

*' Carrel, A., and Ebeling, A. H., J. Exp. Med., 1921, 34, 317, 599: 1922 35 
17, 647; 36, 399; 1923, 37, 759. Baker, L. E., and Carrel, A., J. Exp. Med 
1925, 42, 143; 1927, 45, 305. ^ ’ 

”ActuaUy the concentration of scrum was somewhat higher than this since 
there was also some serum in the coagulum. 
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second, to an insufficient suppty of embr 5 -o juice. In a medium con- 
taining embryo extract at 66 per cent concentration and serum at 8 
per cent concentration, growth continued until the entire coagulum 
in a 3| cm. flask was covered with tissue. The serum is needed to 
furnish additional nutriment, and also to prevent digestion of the 
coagulum. 


EXPLANATION OF PLATE 37 

Figs. 1 and 2, Photographs showing the relative density of sister colonics of 
fibroblasts cultivated in embryo juice with and without serum. Fig. 1, fibro- 
blasts near the periphery of a colony, cultivated for 36 days in 33 per cent embrj'o 
juice; Fig. 2, fibroblasts in a corresponding area of a sister colony, cultivated for 
36 days in 33 per cent embryo juice and 4 per cent serum. X 115. 

Fig. 3. Same colony as sho^vn in Fig. 2. An area near the center of the colony. 
X 115. 

Fig. 4. Cells that have migrated out onto the glass from colonics of chick heart 
fibroblasts from a 23 year old strain cultivated for 5 days in 33 per cent cmbrj’O 
juice. X 115. 

Fig. 5. The same cells as shown in Fig. 4 after 16 days cultivation in 33 per 
cent embryo juice. X 115. 

Fig. 6. Cells from a sister colony to that shown in Fig. 5 cultivated for 16 
days in a mixture of 33 per cent cmbrjm juice and 8 per cent serum. Cells near 
the center of the colony. X 115. 

Fig. 7. Cells at the periphery of the colony shown in Fig. 6, after 16 days 
cultivation in 33 per cent cmbr>'o juice and 8 per cent scrum. Such a network 
of cells covered the entire flask. X 115. 




(Baker: Cessation of growth of fibrohlarts) 







THE ENHANCING EFFECT OF AZOPROTEINS ON THE 

LESIONS PRODUCED BY VACCINE VIRUS, THE 
SHOPE FIBROIMA VIRUS, AND THE AGENT 
TRANSMITTING CHICKEN TUMOR I 

By ALBERT CLAUDE, M.D. 

(Fr<w» the Laboratories of The Rockefeller InstUule for Medical Research) 

Plates 38 and 39 

(Received for publication, November 9, 1938) 

It has been noted that the lesions produced in the skin of rabbits by 
the injection of various infectious agents are markedly enhanced by 
the addition of testicular extract (1). The phenomenon is now 
known to depend on a factor which causes intradermaUy injected 
material to spread extensively through the dermis (2). A similar 
factor capable of increasing tissue permeability can be detected in 
extracts derived from a variety of other animal tissues and from 
certain microorganisms (3). Azoproteins have been shown to 
produce alike effect, as far as increasing skin permeability is concerned 
(4), but whether or not the mechanism involved in the production 
of the spread is the same for the two classes of substances, has not 
been determined (5). For further comparison the effect of azoprotein 
solutions has been tested on the lesion produced by vaccine virus, the 
Shope fibroma virus, and the agent transmitting Chicken Tumor I. 

Material and Method 

Azoprolciiis . — The azoproteins were prepared by following closely the pro- 
cedure given in a previous paper (4). In the present work the azo compounds 
used were produced by the coupling of /'-diazobenzenesulfonic acid with horse 
or rabbit serum proteins, or with egg albumin. Gelatin, which is practically 
lacking in coupling power, was also used in a few tests. Neutralized solutions of 
/i-diazobcnzcncsulfonic add, serum, and egg albumin solutions at the proper 
concentrations, were tested separately as controls. 

Test for spreading Po-xcr.—As a rule, the spreading power of the azoprotein 
solutions tested for enhancing properties was also determined, usually in the 
same animal, and in a corresponding area of the skin. For these t^ts, 0.5 cc. 
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of the azoprotein solution was mixed in a syringe with 0.25 cc. of India ink pre- 
viously diluted with 2 volumes of water, and the mixture was injected intra- 
cutaneously. The results were recorded by measuring the area of spread 18 to 
24 hours after the injection. Since azoproteins are colored products, their spread 
through the dermis could be estimated also directly, through discoloration of 
the skin in the area of diffusion, without need for the addition of India ink. 

Vaccine Virus. — The vaccine virus used in the present tests was a subculture 
of an in vilro strain (B. P. H. culture 662, Oct. 16, 1934), kindly supplied by Dr. 
T. M. Rivers. The infective material had been stored in 50 per cent glycerin 
and, before use, was diluted with Ringer’s solution. 

Shape Papillo7}ia Virus. — ^The original fibroma virus was kindly supplied by 
Dr. R. Shope (6). The material used in these experiments was obtained by the 
subpassage of the virus in the skin of rabbits. The freshly removed fibroma 
tissue was ground with sand and extracted with distilled water in the proportion 
of 5 to 10 cc. water per each gram of tissue. The extract was then centrifuged 
and filtered through sterile gauze. 

Chicken Tunwr Agent. — Fresh Chicken Tumor I tissue was ground with sand 
and extracted with sterile distilled water in the proportion of 10 to 12 cc. water 
per gram of tissue. After centrifugation at 3000 r.p.m. for 10 minutes, the 
extract was filtered through sterile gauze. In some instances the inhibiting factor 
was removed from the extract by adsorption with aluminum hydroxide (7). 

Tests for Enhancing Power of Azoprotein Solutions. — The enhancing property 
was tested by mbcing an equal volume of the azoprotein solution with dilutions 
of the virus suspensions. Of these mixtures 1 cc. was injected subcutaneously 
in rabbits. Virus preparations diluted with an equal volume of saline solution 
or with untreated protein solutions served as controls. 

The chicken tumor extract was mixed in the syringe with an equal volume 
of the test solutions, and 0.6 to 0.8 cc. of the mixture was injected intracutancously 
into adult Pl>Tnouth Rock hens. Since tissue diffusion caused both by testicular 
extract and azoproteins is influenced by gravity, in order to allow sufficient 
space for the material to spread, the injections were made just under the wing or 
in the skin covering the upper part of the leg. 

Effect of Azoprotcins on Vaccine Virus Lesions 

The results of tests with azoproteins and varjdng dilutions of 
vaccine virus compared with the areas of spread of the azoprotein with 
India ink are shown in Table I. 

It will be noted that azoprotein increases to a considerable degree 
the size of the lesion produced by vaccine vims. The results indicate 
that the extent of the lesion depends not only on the spreading power 
of the azoprotein, but also on the potency of the infective material. 
As a mlc, the more concentrated vims preparation with azoprotein 
gave, 6 to 7 days after inoculation, wide, solid lesions surrounded 
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by a zone of edema. This condition is illustrated in Fig. 1, wliere the 
size of the enhanced lesions was 67.6 sq. cm. compared with 10.5 


TABLE I 

E^ect of Azoproieins on the She of the Lesions Produced by Vaccine Virtis in 

the Rabbit Skin 


Experiment No. 

Aroprotcins prepared from i 

sulfaniUc aad and '' 

DHu- 
tion of 

Area of i 

spread of 
India ml: 
indicator 
and 

^ea of 7 day 
old lesions 
produced by 
vaccine virus 
and 

Character of virus lesions 
on azoprotein side 

yaedne 

virus 

o 

.£ 

tfi 

Azoproteln 

solution 

o 

3. 

*5 

Vi 

Azoprotein 

solution 




sqxm. 

sqxm. 

sqxn. 

sq.CTr.. 


1 

Egg albumin (3% sol) 

I/IO 

5.5, 

87.0 

10.5 

67.6 

Solid mass surrounded 








by scattered nodules 







■ 

and zone of edema 

2 

it If ti If 

1/10 

4.2 

60.7 

14.0 

34.0 

Solid mass 


If « it it 

1/100 



7.5 

27.6 

Only scattered nodules 


t< « ti it 

1/1000 



0 

! 

16.6 

ft ft ft 

\ 

3 

Gelatin (3% sol) 

1/10 

6.8 

41.8 

12.4 

0 

No lesions (virus inac- 








tivated) 

4 1 

Horse serum 

1/10 

1.8 

90.3 

6.7 

82.8 

Solid mass surrounded 








by scattered nodules 








and edema 

5 

11 <1 

1/10 

8.0 

76.7 

4.6 

44.6 

Solid mass 


<( If 

1/100 



2.2 

25.5 

Solid mass plus scat- 








tered nodules 


11 II 

1/lOOC 

1 


0 

17.C 

1 Scattered nodules 

6 

11 If 

1/10 

6.2 

58 .( 

)20.8 

56.C 

) Solid mass 


If if 

1/100 



10.2 

46.5 

S Solid mass plus scat- 








tered nodules 


11 f< 

1/100( 

3 


1.8 

48.1 

1 Only scattered nodules 

7 

Rabbit serum 

11/10 

3.4 

36.! 

5 6.7 

39.1 

1 Solid mass 


4( <1 

1/100 



3.4 

27. < 

5 Solid mass plus scat- 








tered nodules 


II 11 

1/1001 

3 


2.1 

20.! 

^ If 11 


sq. cm. for the saline control. The azoprotein used with the vaccine 
\nrus was tested for spreading power in another rabbit and gave, 24 
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hours after the injection, an area of spread of 87 sq. cm. against 5.5 
sq. cm. for the saline control (Fig. 2). 

The injection of dilute virus with azoprotein gave rise to scattered 
nodules, with or without a solid lesion at the site of injection. 

In two instances, vaccine lesions developed from the azoprotein- 
virus mixtures while the virus-saline inoculum remained negative. 
This evidence of real enhancement of the virus, as the result of the 
spread, was also observed with testicular extract by Duran-Rey- 


TABLE n 

Efect of Azoproieins on the Size of Fibroma (Shape) in the Rabbit Skhi 


Ex- 1 
peri- 

Azoprotein prepared 
from sulianilic 
acid and 

Area of spread 
of India ink 
indicator plus 

Area of 7 day old 
lesions produced 
by fibroma virus 
plus 

Character of lesions on azoprotein side 

ment 

No. 

Saline 

or 

normal 

serum 

Azo- 

protein 

solution 

Saline 

or 

normal 

serum 

Azo- 

protein 

solution 



sgxm* 

s^.cm. 


sq,cm* 


1 

Horse serum 

7.5 

77.0 


71.4 

Solid mass, surrounded by a few 
scattered nodules 

2 


5.7 

43.1 

4.0 

35.7 

Solid tumor 

3 

tt « 

6.1 

62.4 

5.6 

54.3 

Solid tumor, surrounded by iso- 
lated nodules 


nals (8). It is possible that the presence of tlie tissue extract or 
the azoprotein solution stabilizes the virus at the highest dilutions, 
and protects it from inactivation. Such an action would explain the 
apparent enhancement of the virus itself. 

Azoproteins prepared from serum and from egg albumin were 
identical in their effect. A gelatin solution, submitted to the same 
procedure of coupling exhibited some spreading power, but the 
vaccine virus Avhen added to the latter, was completely inactivated. 
The virus was also destroyed by the neutralized solution of the 
diazo compound. These findings are in agreement with the earlier 
obsen’ations that diazo compounds or the product of coupling with 
gelatin are antiseptic (4). 

Effect of Azoproieins on Rabbit Fibroma (Shape) 

The results given in Table II were recorded 6 to 7 day.s after the 
injection of the infective material into the rabbit skin. 
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It will be seen from the table that injections of 1 cc. of the fitoma 
extract dHuted with saline gave rise to smaU tumors, 2 to 2.5 cm.i 
same amount of virus to wHcb —m ^ 
had been added, produced extensive tumor formation. TJiese we 
large masses of soHd growth surrounded by a few scattered nod es. 
A tvnical example of this result is shown in Fig. 3 . The mjection of 
azSotein and India ink in the same animal (Fig. 4) shows that the 
area of spread and the size of the tumor are practicaUy the same. 


TABLE HI 


Effed of Azoproleins on the Size of Skin Tumors in Chickens 


• 


Apparent 
area of 
spread 

Enhancement 
of tumors 


o 


at 

Average size 
of tumors 

Aspect of tumor on 
azoprotein side 

Experiment > 

snlfanDic acid and 

“o 

oc 

"S'** 

w 

Azoprotein 

solution 

£ 

o 

o 

ec 

< 

Snlino 

(control) 

Aioprotcln 

Bolution 

1 

Egg albumin (3% sol) 

sq.cn. 

3.2 

sqxm. 

25.5 

days 

16 

sq.cm. 

7.3 

sqxm. 

44.8 

Solid tumor surrounded 
by scattered nodules 

2 1 

Horse serum 
(( « 

3.7 

4.1 

19.2 

55.1 

21 

21 

4.0 

3.9 

16.4 

1 49.6 

Massive tumor 

Solid mass plus small 
nodules scattered 

around main tumor 

3 

(( tt 

3.5 

39.1 

» 16 

5.8 

36.J 

! Solid tumor 

4 

it it 

2.3 

36 .( 

I 17 

6.4 

57. i 

^ tt tt 

S 

tt n 

fl (( 



15 

15 

6.0 

6.1 

24.1 

30. 

D Scattered nodules only 

4 « Cl It 


Ejfeci of Azoproteins on Chicken Tumors 

The effect of testicular extract on the development of skin tumors in 
chickens has been described in a previous paper (9). Table Ht shows 
the results obtained when azoprotein solutions were added to the 
tumor material before injection. As in the preceding cases, azo- 
protein solutions caused the tumor agent to spread over a large area 
of the skin, giting rise to large, massive tumors when the tumor 
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extract was very active, and to widely scattered nodules when the 
extract had a low tumor producing activity. The diffusion of the 
azoprotein solution in the chicken skin could be observed without 
the addition of India ink as an indicator. There was found to be a 
good agreement between the extent of the spread and the size of the 
tumors. Figs. 5 and 6 show tumors produced by a highly active 
extract and azoproteins, 16 days after the injection. Fig. 7 shows 
the effect of dispersion on material of low tumor producing activit3^' 

SUMMARY 

It is known that azoprotein solutions, like testicular extracts, possess 
the property of causing particles to spread through the dermis. The 
present work shows that azoproteins exhibit, like testicular extract, 
the powder to increase the size of virus lesions in the skin of rabbits, 
and the size of tumors in chickens. The results indicate that the 
extent of the lesion is roughly proportional to the spreading power of 
the solution. This suggests that the spread of the infective material, 
over a larger area of skin, is directly responsible for the enhancing 
effect. 

The production of extensive lesions by means of spreading agents 
ma)'- have a practical value when large amounts of w^orking material 
are needed. 
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EXPLANATION OF PLATES 
Plate 38 

Fig. 1. Rabbit 9-50. Lesions produced bj' the intradermal injection of 0.5 
cc. vaccine virus suspension mixed with: A, 0.5 cc. saline solution (control) and 
B, 0.5 cc. azoprotein solution prepared from egg albumin. 

Fig. 2. Rabbit 9-49. Spread produced by intradermal injection of 0.5 cc. 
India ink suspension mixed with: A, 0.5 cc. saline solution (control) and H, 
0.5 cc. azoprotein solution prepared from egg albumin. The area of spread. 
24 hours after injection, was 87.0 sq. cm. for the azoprotein solution and 5.5 
sq. cm. for the saline control. 

Fig. 3. Rabbit 9-21 (right side). Skin fibroma produced by the intradermal 
injection of 0.5 cc. suspension of Shope fibroma virus mixed with: A, 0.5 cc. 
saline solution (control) and B, 0.5 cc. azoprotein solution prepared from hon-^e 
serum. 

Fig. 4. Rabbit 9-21 (left side). Spread produced by intradermal injection of 
0.5 cc. of an India ink suspension mixed with an equal volume of: A, saline 
solution (control) and B, azoprotein solution prepared from horse scnim. The 
area of spread 24 hours after injection was 7.5 sq. cm. for the control and 77.0 
sq. cm. for the azoprotcin solution. 







Plate 39 


Fig. 5. Chicken 8-84. Skin tumors produced by intradermal injection of 
0.4 cc. chicken tumor e.\tract mi.\ed, in the sj^inge, with an equal volume of: 

A, saline solution (control) and B, azoprotein solution prepared from horse serum. 
The size of the tumor, recorded 16 days after injection, was 2.2 X 2.1 cm. for the 
saline control and 7.7 X 6.8 cm. for the azoprotein mi.vture. 

Fig. 6. Chicken 8-73. Skin tumors produced by intradermal injection of 0.4 
cc. chicken tumor e.\tract mixed with: A, saline solution (control) and B, azo- 
protein solution prepared from horse serum. 21 days after injection there was a 
main tumor, 6.5 X 6.5 cm. at the site of injection, surrounded by smaller nod- 
ules scattered over an area 9.2 X 6.7 cm. The tumor produced by the saline 
mixture measured 2.2 X 2.1 cm. 

Fig. 7. Chicken 8-69. Skin tumors produced by intradermal injection of 0.4 
cc. chicken tumor extract mixed with: A, 0.5 cc. saline solution (control) and 

B, 0.5 cc. azoprotein solution prepared from horse scnim. In this case, the tumor 
extract was not verj’ active and the lesions produced by the azoprotein mixture 
were represented by small isolated tumors scattered over an area 9.0 X 4.7 cm. 
The control mixture produced a solid tumor, 2.8 X 2.7 cm. across. 









STUDIES ON EXPERIMENTAL HYPERTENSION 

IX. The ErrECT ok Blood Pressxire or Coksteictiok oe the 
Abdohikal Aorta abox^e and below the Site oe 
Origin oe Both Main Renal Arterles*! 

By HARRY GOLDBLATT, M.D., JOSEPH R. KAHN, M.D., a>-d 
RAMON F. HANZAL, Ph.D. 

{From the Iiislitutc of Pathology, Western Resene University, Cleveland) 

(Received for publication, January' 19, 1939) 

A method has been described for the production of hx^pertension in 
dogs by the constriction of the main renal arterj-^ of one or both 
kidneys (2, 3). YTien the main renal arterj’- of only one kidney is 
constricted, the blood pressure rises, but after a x^ariable period returns 
to the original lex'el. When both main renal arteries are adequately 
constricted, or if one is constricted and the other kidney is removed, 
the blood pressure usually remains elex'ated. This has been accom- 
plished successfully in dogs (3) and in monkeys (4), and the method, 
or some modification of it, has noxv been used by ourselves (2-11) 
and others (12-93) in the production of hypertension by renal ischemia 
and in the investigation of the pathogenesis and treatment of thij^ 
type of h>q)ertension, as well as the application of the results to the 
problem of human hypertension. 

In small laboratory- animals, like monkeys, cats, rabbits and rats, 
it is rather difficult to constrict adequately xvithout frequently occlud- 
ing the main renal artery-. It occurred to us that if moderate con- 
striction of the aorta just aboy-e the origin of both main renal arteries 
would result in hy-pertension, at least above the site of the clamp, and 
if constriction immediately bcloxv the origin of the renal arteries 
yy-ould have no effect on the blood pressure, this xvould indicate that 

* A preliminary- report (1) was presented before the Central Society for Clinical 
Research on November 6, 19.37, in Chicago. 

tThis study was supported by the Beaumonl-Richman-Kohn Fund and 
The Josiah Macy, Jr., Foundation. It yvas aided by grants from the Cleveland 
Foundation, Mr. Nathan Dauby and Mr. Alc.y XVintner and associates, Cleveland. 
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the mechanical obstruction of the aorta is not the cause of such 
hypertension. Moreover, if renal excretory insufficiency, as well as 
hypertension, would result from very great constriction of the aorta 
above the origin of both main renal arteries, as it does from very 
great constriction of the main renal arteries (3, 7, 9), this type of 
hy'pertension, with or without renal insufliciency, could also be 
considered of renal origin. This method could then be used instead 
of constriction of the main renal arteries for the production of hyper- 
tension of renal origin, at least in the upper part of the body of small 
animals. Incidentally, this method might afford an opportunity to 
study in the same animal the possible effects on aorta, arteries and 



Text-Fig. 1. Clamp for aorta, inside diameters I cm. 

(a) Right-angled U-shaped jiortion, the receptacle for the artery. 

(/)) Removable portion, consisting of screw stem carrying two plates. 1 
upper plate slides into grooves in U-shaped part to enclose aorta. 'I'hc lower 
plate can be screwed down to constrict the vessel. 

arterioles of hy’pertension above and hvj)olension below the level ol 
constriction of the aorta. Also, by applying the clamp to the aorta 
at a higher level, even within the thorax, .some information might 
be obtained about the pathogenesis of hyiiertension usually found 
above the site of coarctation or stenosis, especially in the thoracic 
portion of the aorta in man. 

Expert menial el hods 

Antiiuils.- Dog- were u-ed. They were of ^.imilar tyjie'. kept im<ler (he -aiue 
condition- and fed tlie same diet as in previou- exiierirnent- (2 ID. 

The The clam[i used for tlie con-triction of the dog'- aorta i- huger 

anil of 'Oniewliat dilTerent con-truclion from tlie renal clamp l.D. It i- made 
of -ilver or .-■tainle" --teel and cori'i-t' of a right-angled 1’ -haped [Mirtion. tin 
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open receptacle for the artery (Text-fig. 1 a), and a removable portion consisting 
of a screw stem carrying two plates (Text-fig. 1 b). The upper plate slid^ into 
a groove on the inner sides of the U-shaped part and ser\'es to enclose the aorta. 
The lower, movable plate is attached to a double-acting screw and can be screwed 
down to constrict the aorta to any desired degree. A special instrument devised 
for the purpose of holding the U-shaped part facilitates the application of this 
part of the clamp on the aorta and also aids the insertion of the screw stem vith 
the double plate into the U-shaped portion, to enclose the aorta within the clamp. 
This instrument is not necessary, but it simplifies the procedure. 

Surgical Procedure for the Constriction of the Aorta— AH the operations but one 
were performed under ether anesthesia, with a previous hypodermic injection of 
morphine and atropine. On one dog (No. 4-13), the operation was performed 
under local anesthesia vath procaine, after a hypodermic injection of morphine 
and atropine. 

For the constriction of the aorta above the origin of both main renal arteries, 
an oblique incision about 6 cm. in length is made in the skin about 1.5 cm. below 
and parallel to the right inferior costal margin, beginning at the costolumbar 
angle. This approach is the same as is used for the application of a clamp on 
the right main renal artery (3), or for right nephrectomy or suprarenalectomy 
(7). A gridiron incision in the internal oblique and transversalis muscles, lateral 
and posterior to the right border of the external oblique muscle, reveak peritoneum, 
■which is then pushed aw'ay manually from its loose attachment to the under- 
lying tissues of the lateral wall of the abdomen. A self-retaining retractor with 
long thick -wire blades is then inserted to retract the wound and keep it open. 
The peritoneal covering of the aorta is incised on the right side, just above the 
origin of the right main renal artery, and the aorta immediately above the origin 
of this vessel is then exposed and dissected away for a distance of about 1 cm. 
from its posterior attachment to the tissues in front of the spine. In some cases, 
when they are situated close to the right main renal artery, it is necessary to 
ligate and sever two lumbar arteries which originate from the aorta posteriorly 
between the levek of the superior mesenteric and right main renal artery. Thk 
must be done in order to make room for the clamp which is applied to the aorta 
just proximal to the ori^ of the right main renal artery. 

As soon as the aorta is enclosed in the clamp, a 20 gauge needle connected -with 
a mercurj' manometer is inserted in the femoral arterj’ to measure direct or so 
called mean blood pressure. The degree of constriction of the aorta is deter- 
mined by the immediate effect on the femoral mean pressure and it can be varied 
at will in different animak. In these axperiments the constriction was usually 
made adequate to reduce the femoral mean pressure to 50 per cent, or less, of the 
normal for the animal. Closure of the inckion is effected by means of continuous 
catgut sutures for the muscle and subcutaneous tissue and continuous black silk 
sutures for the skin. 

For the application oi a clamp on the aorta just below both main renal arteries 
the incision is made on the left side, and the clamp is placed just below the site of 
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origin of the left main renal artery. This portion of the aorta is free of any other 
arterial branches, so that it is not necessary to sever any vessels to make room 
for the clamp. Othenvise the operation is similar to that described for the 
application of the clamp above the origin of botli main renal arteries. The 
incision on the left side is made a little lower than on the right (about 2 cm. below 
and parallel to the costal margin). It is sometimes necessary' also to split the 
external oblique muscle in making the gridiron incision on the left side. 

Measurement of Blood Pressure. — ^In all the animals blood pressure was deter- 
mined by two methods. Carotid systolic pressure was measured by the \’an 
Leersum carotid loop method (94), and direct or mean pressure was measured 
by inserting into the carotid or femoral artery a needle connected by means of a 
liquid system (2 per cent sodium citrate) with a mercury manometer. During 
the operation for constriction of the aorta a 20 gauge needle was used, but for 
other determinations of femoral mean pressure, the needle was 21 gauge. Normal 
blood pressure was determined frequently by both methods for at least 1 month 
before the aorta was constricted. 

The Effect of Constriction of the Aorta Just above the Site of Origin 
of Both Main Renal Arteries 

Constriction of the aorta just above the origin of both main renal 
arteries, or above the functioning main renal artery' in a unilaterally 
nephrectomized animal, invariably resulted in lowering of the femoral 
mean pressure and elevation of carotid systolic or carotid mean 
pressure. The effect on the blood pressure in the carotid loop was 
not immediate, but developed in about 24 to 48 hours, that is, in 
about the same time as following constriction of one or both main 
renal arteries (3) . The reduction of femoral mean pressure was imme- 
diate and varied with the degree of constriction of the aorta. In 
many instances the femoral mean pressure rose later, coincidentally 
wdth the rise of pressure in the carotid loop, and in about 1 or 2 
weeks reached its maximum level, usually the previous normal. In 
some instances, especially if the aorta below the origin of both renal 
arteries was also constricted, even the femoral mean pressure finally 
reached levels higher than the normal. 

A. The Development of Hypertension without Renal Excretory 
Insufficiency {the Benign Phase) 

In four animals (Nos. 3-21, 3-49, 3-51 and 3-60) the carotid systolic 
pressure became greatly elevated as a result of constriction of the 
aorta just above the origin of both main renal arteries, and the 
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hypertension persisted until death, without accompanying renal 
excretor}*^ insufficiency. Three of these anunals died of intra-ab- 
dominal hemorrhage due to erosion of the wall of the aorta by the 
damp. The longest survival was 25 days. In one animal, (No. 
3-60), that survived 8 days with elevated blood pressure, after con- 
striction of the aorta above the origin of both renal arteries, the 
cause of death was not determined at autopsy. 

To save space, the experimental history of only the most important 
animals wid be given in full detail, the others will be abbreviated. 

No. 3-21; Mongrel, short haired, female, young, 14.2 kg. 

Mar. 16 to July 2S, 1937. During this pre-operative period the systolic blood 
pressure in the carotid loop (carotid systolic pressure) varied between 140 and 
160 mm. Hg, and the mean pressure in the femoral artery (femoral mean pressure) 
varied between 120 and 140 mm. Hg. 

July 28. The aorta was moderately constricted by a clamp applied just 
above the origin of both main renal arteries. July 29 to Aug. 5, During this 
period the carotid systolic pressure varied between 220 and 280 mm. Hg, On 
July 29, 1937, 24 hours after the constriction of the aorta, the carotid systolic 
pressure was 276 mm. Hg. The femoral mean pressure, which was 80 mm, Hg 
immediately after the constriction of the aorta, rose to 90 mm. Hg on Aug. 3. 
Aug. 6. At 9 a.m. the carotid systolic pressure had dropped to 135 mm. Hg. 
The animal appeared ill. Blood urea nitrogen (B.U.N.) 20.3 mg., non-protein 
nitrogen (N.P.N.) 35.4 mg., creatinine (Cr.) 1.3 mg. and COj combining power 
(CO 2 ) 24.2 volumes per 100 cc. of plasma. At 3 p.m. the animal was found dead. 
At autopsy, the cause of death was found to have been erosion of a lumbar artery 
by one edge of the clamp which impinged on this vessel. 

No. 3-49: Hound, female, old, 14.0 kg. 

July 6 to Sept. 16, 1937. During this pre-operative period the carotid systolic 
pressure varied between 134 and 152 mm. Hg, and the femoral mean pressure 
varied between 128 and 144 mm. Hg. Sept. 16. The aorta was greatly con- 
stricted by a clamp applied just above the origin of both main renal arteries. 
Scpl. 17 to Oct. 10. During this period the carotid systolic pressure varied between 
240 and 284 mm. Hg. On Oct. 9, 2 days before death, it was still 260 mm. Hg. 
The femoral mean pressure was 75 mm. Hg immediately after constriction of 
the aorta and rose to a ma.ximum of 130 mm. Hg on Sept. 27. Oct. 11. The 
animal was found dead. At autopsy, the cause of death was found to have been 
due to erosion of the aorta by the clamp. 

No. 3-51: German shepherd, male, middle age, 22.0 kg. 

July 9 to Sept. 21, 1937. During this pre-operative period the carotid sjstoUc 
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pressure varied between 144 and 166 mm, Hg, and the femoral mean pressure 
varied between 115 and 135 mm. Hg. 

Sepl. 21. The aorta was greatl3’- constricted by a damp applied just above 
the origin of both main renal arteries. Sept. 22 to Sept. 30. During this period 
the carotid systolic pressure varied from 210 to 260 mm. Hg. On Sept. 30, 
it was still 230 mm. Hg. Oct. 1. The animal was found dead. At autopsy, 
the cause of death was found to have been intra-abdominal hemorrhage caused 
by erosion of the aorta by^ the damp. 

No. 3-60: Black and white short haired mongrel, female, y'oung, 11.8 kg. 

In this animal, the carotid sj'stolic pressure rose from tlie nomial of ISO to 
170 mm. Hg (Sept. 16 to Oct. 27, 1937) to a maximum of 256 mm. Hg, on Nov. 3, 
1 week after the constriction of the aorta above the origin of both main renal 
arteries. Femoral mean pressure fell from tlie normal of 130 to 65 mm. Hg, 
immediately after the damp was applied, but rose to 105 mm. Hg on Nov. 3. 
The animal was found dead on Nov. 5. 2 days after the operation there was no 
chemical evidence of renal excretory insufhciency, but during the last 7 days of 
life chemical examination of the blood was not made. The cause of death was 
not determined. There were no lesions suggestive of renal insufficiency com- 
plicating the hypertension. 

B. The Development of Hypertension, Renal Excretory Insufficiency, 
and Fatal Convulsive Uremia with Degenerative, Necrotizing 
and Inflammatory Arteriolar Disease in Many Organs 
{the Acute Malignant Phase) 

Three animals (Nos. 3-37, 3-59, 3-63) with the aorta greatly con- 
stricted just above the origin of botli main renal arteries, died m 
uremia, a variable period after application of the clamp. The uremia 
was obviously due to renal excretory insufficiency caused by marked 
renal ischemia, the result of sudden excessive constriction or actual 
occlusion of tire aorta. In all the animals tlie carotid systolic pressure 
rose progressively to high levels as the degree of uremia also increased. 
At autopsy, in the gross, some of the uremic animals had pctccliiac 
in various organs and, microscopically, showed arteriolar degenera- 
tion and necrosis, as well as acute arteriolitis in these organs, princi- 
pally the alimentary tract (except rectum), gall bladder, pancreas, 
myocardium and brain. This was similar to the effect of excessive 
constriction or occlusion of the main renal arteries (the acute malig- 
nant phase) previously described (9). 

No. 3-37: Collie, fem.ile, young, 14.4 kg. 

Apr. 20 to Oct. 27, 1937. During thi^ pre-operative period the c.arotid systolic 



H. GOLDBLATT, J. R. KAHN, AND R. R. HANZAL 


655 


pressure varied betvreeii 132 and 158 mm. Hg, and the femoral mean pressure 
varied between 112 and 125 mm. Hg. On Oct. 27, B.U.N. 15.7 mg., Cr. 1.3 mg., 
COs 49.4 volumes per 100 cc. of plasma. 

Ocl. 27. The aorta was greatly constricted by a clamp applied just above 
the origin of both main renal arteries. The femoral mean pressure was reduced 
immediately from 115 to 55 mm. Hg, and it remained at this ler-el until death. 
During the 3 days after the constriction of the aorta, the carotid systolic pressure 
varied between 198 mm. Hg, 24 hours after the operation, and 245 mm. Hg on 
Oct. 29, the day before death. During this period the animal became progres- 
sively more uremic. Oct. 29. B.U.N. 128 mg., Cr. 7.6 mg., CO 2 28.6 volumes 
per 100 cc. of plasma. 

Od. 30. The animal was found dead. At autopsy, in the gross, there were 
petechiae in the stomach, small and large intestine and pancreas, ilicroscopically, 
these petechiae were associated with arteriolar degeneration and necrosis, but 
many were obviously of capillary origin. 

No. 3-59: Mongrel collie, female, 10.4 kg. 

Sept. 7 to Od. 20, 1937. During this pre-operative period the carotid systolic 
pressure varied between 143 and 156 mm. Hg, and the femoral mean pressure 
varied between 115 and 135 m m. Hg. 

Od. 20. The aorta was greatly constricted by a clamp applied just above the 
origin of the main renal arteries. The femoral mean pressure was reduced im- 
mediately from 115 to 50 mm. Hg. Od. 21 to Od. 24. During this time the 
carotid systolic pressure rose progressively from 188 mm. Hg, 24 hours after the 
operation, to 282 mm. Hg on Oct. 23. On Oct. 24, B.U.N. 104 mg., Cr. 6.8 mg. 

Od. 25. The animal was foimd dead. At autopsy, in the gross, there were 
petechiae, some confluent, in the mucosa and serosa of stomach, small and large 
intestines and gall bladder, and also in the pancreas and epicardium. The 
hemolymph nodes were intensely h>-peremic. Microscopically, in the organs 
that showed gross petechiae and in some that did not, many arterioles were 
the seat of hyalinization, fibrinoid degeneration or necrosis. In many instances 
the extravasation of blood appeared to be of capillary origin. 

No. 3-63; Chow, female, middle age, 19.6 kg. 

In this animal also the carotid systoh'c pressure rose from the normal of 151 
to 163 mm. Hg (Sept. 22 to Dec. 22, 1937), to 272 mm. Hg on Dec. 24, 2 daj-s 
after the constriction of the aorta. Femoral mean pressure fell from the normal 
of 130 to 155 mm. Hg, to 75 mm. Hg, immediately after the constriction of the 
aorta, and it remained at this level. The nitrogenous products of the blood rose, 
and CO: combining power fell, progressively, until on Dec. 26, they were, B.U.N. 
18S mg., Cr. 6.0 mg. and CO: 30.3 volumes per 100 cc. of plasma. On Dec. 27 
Uie animal was found dead. In the gross, and microscopically, the tj-pical 
lesions of the malignant phase were found in the small and large mt^tine and 
pancreas. In the liver, hv-alinized arterioles without accompan\-ing petechiae 
were found. 
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The Effect of Constriction of the Aorta above the Origin of Both Main 
Renal Arteries Followed by Constriction of the Aorta below the 
Renal Arteries and Finally Constriction of the Main 
Renal Arteries 

In those animals that survived several weeks or montlis the con- 
striction of the abdominal aorta above tire origin of both main renal 
arteries, there was a tendency for the elevated carotid systolic or 
carotid mean pressure to return to a lower or even to the normal level. 
Increased constriction, and finally occlusion, of this part of the aorta 
was followed by re-elevation of the carotid systolic or carotid mean 
pressure, which, after a variable time, again tended to fall. In sucli an 
animal (No. 3-50), subsequent constriction, and then occlusion of tlic 
aorta just below the origin of both renal arteries caused a temporary 
re-elevation of the carotid systolic pressure. Even femoral mean 
pressure reached a level above normal. Constriction of one main 
renal artery of such an animal again re-elevated tlie pressure, but it 
was necessarj’’ to constrict, or even gradually to occlude, both main 
renal arteries, in order to effect marked renal ischemia and persistent 
elevation of carotid and femoral blood pressure at a high level. 

No. 3-50: Collie, mongrel, female, middle age, 14.1 kg. 

July 16 to Sept. 14, 1937. During this pre-operative period the carotid s 3 'sto!ic 
pressure varied between 134 and 165 mm. Hg, and the femoral mean pressure 
varied between 110 and 135 mm. Hg, 

Sept. 14. The aorta was moderately constricted Just above the site of origin 
of both main renal arteries. The femoral mean pressure fell immediately from 
125 mm. Hg to 90 mm. Hg. Sept. 15. Carotid s 3 'stolic prc.ssurc rose to 20-t 
mm. Hg. Sept. 16 to Oct. IS. Carotid systolic pressure rose to a ma.vimum of 
246 mm. Hg, on Sept. 27, and then gradualb’ fell to 187 mm. Hg, on Oct. 18. 
The femoral mean pressure gradually rose to 145 mm. Hg. 

Oct. IS, 1937, to Nov. 22, 193S. During this period, the aorta above both 
main renal arteries was occluded, on Oct. IS, and the aorta below both main 
renal arteries was first constricted, on Dec. 15, 1937, and then occluded, on Mar. 3, 
1938. During the period after each operation, the carotid .systolic pressure 
rose and then gradually fell again. 

Then in succession the renal arteries were first constricted and finalb occluded. 
The left main rcn.al artcr 3 - was constricted, June 9, 1938, and occluded Oct. 27. 
The right main renal artera’ was constricted on June 30, and occluded on Nov. 22. 

Nov. 23 to Dec. 24. The carotid s 3 ’stolic pressure rose to 301 mm. Ilg on 
Nov. 25, and it has remained greath’ elevated. Even femoral mean prc:' 'Urc 
rose to 200 mm. Ilg on Nov. 11, dc.^pitc the occlusion of the aorta above and 
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below the main renal arteries. Chemical examination of the blood showed 
B.U.N. 15.7 mg., Cr. 1.3 mg., CO 2 47.0 volumes per 100 cc. of plasma.^ The urea 
clearance was 24.1 which was about 60 per cent of the normal for this dog, and 
indicated moderate impairment of renal excretory function, although it was not 
obvious from the determinations of urea and creatinine in the blood. On Dec. 24, 
femoral mean pressure was still 190 mm. Hg, while the carotid systolic pressure 
was 285 mm. Hg. On this date, B.U.N. 18.8 mg., Cr. 1.7 mg., CO 2 48.3 vol- 
umes per 100 cc. of plasma. In a concentration test the specific gravity of the 
urine was 1.025. The animal is still living. 

The Effect of Releasing the Clamp on the Aorta Constricted above the 
Origin of the Main Renal Arteries 

In one animal (No. 3-71), the release of the clamp on the aorta just 
above the origin of both main renal arteries was followed within 24 
hours by a fall of the elevated carotid systolic pressure to the original 
level. The femoral mean pressure returned to normal immediately 
after the release of the constriction. 


No. 3-71; Doberman pinscher, male, old, 22.8 kg. 

Ocl. 30 to Bee. 28, 1937. During the pre-operative period the carotid systolic 
pressure varied between 154 and 172 mm. Hg. The femoral mean pressure 
varied between 140 and 155 mm. Hg. 

Dec. 28. The aorta was greatly constricted just above the origin of both 
main renal arteries. The femoral mean pressure was reduced immediately from 
140 to 70 mm. Hg. 

Dec. 29. 24 hours after the operation the carotid systohe pressure was 248 
mm. Hg. The dog’s hind limbs were paralyzed, the anus was incontinent, and 
some bloody fluid material kept passing out from the intestine. Under local 
anesthesia, the aortic clamp was removed. The carotid systolic pressure re- 
mained elevated at 240 mm. Hg immediately after removal of the damp. Dec. 30, 
1937, to Jan. 9, 1938. 24 hours after the operation the carotid systolic pressure 
was 156 mm. Hg, which was well within the normal range for this animal, and 
it remained down for the next 9 days. 2 days before death the carotid systolic 
pressure was 148 mm. Hg, and the femoral mean pressure was 130 mm. Hg. 
Jan. 10. The animal was found dead. The cause of death was not determined. 
There were no lesions suggestive of uremia. 


The Effect of Constriction of the Abdominal Aorta Just below the Origin 
of Both Renal Arteries Followed Later by Constriction of the Aorta 
above the Origin of Both Main Renal Arteries 


In order to constrict the aorta just below’ the origin of both main 
renal arteries, it was necessary- to apply the damp just below the 
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origin of the left main renal artery. Full details about the method 
of application of the damp have already been given. 

Constriction of the aorta just below the origin of both main renal 
arteries had no significant effect on the carotid systolic blood pressure 
of animals with two kidneys or of unilaterally nephrectomized animals. 
When, however, constriction of the aorta below the origin of the main 
renal arteries was followed by constriction of the abdominal aorta 
just above the origin of both main renal arteries, a significant elevation 
of blood pressure always occurred. The hypertension was usually 
higher and lasted longer than when the aorta was constricted only 
above the site of origin of the main renal arteries. However, even 
the constriction of the aorta below and above tlie main renal arteries 
was followed, after a variable period, by a lowering of the elevated 
blood pressure, or a return to the original level. Increased constric- 
tion or occlusion of the abdominal aorta above and below the origin 
of the main renal arteries caused significant but temporary re-elevation 
of the blood pressure. In some of these animals, even tlie femoral 
mean pressure reached a level significantly higher than tlie normal. 
Three of these animals (Nos. 3-44, 3-91, 3-92) finally died in uremia 
due to renal e.xcretory insufficiency caused by sudden, e.vcessive con- 
striction of the aorta above the origin of the main renal arteries. 
These animals developed the necrotizing and inflammatory arteriolar 
disease previously described (9) in many of the organs in which the 
arterial pressure was elevated. This result was similar to that of 
some of the animals with the aorta greatly constricted only above the 
origin of the main renal arteries. 

One animal (No. 3-57) with the aorta constricted first below and 
then above the main renal arteries, died of intra-abdominal hemor- 
rhage, due to erosion of the aorta above the origin of both main renal 
arteries. This animal lived 9 weeks after the constriction of the 
aorta below the main renal arteries, and 19 days following the con- 
striction of the aorta above the main renal arteries. During the latter 
period the carotid systolic pressure remained elevated considerably 
above the normal. Even the femoral mean pressure finally became 
elevated above the original level. 

In a unilaterally nephrectomized animal (No. 3-89) the application 
of the clamp on the aorta below the main renal arteiy' of the remain- 
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ing kidney was not followed by elevation of tbe carotid systolic 
pressure. 

No. 3-44: White spitz, female, young, 14.0 kg. 

June 22 to Sept. 13, 1937. During this pre-operative period the carotid systolic 
pressure reached 172 mm. Hg, but during the last 2 weeks of this period, it varied 
between 141 and 152 mm. Hg. The femoral mean pressure varied between 
115 and 145 mm. Hg. 

On Sept. 13, the aorta was greatly constricted just below the origin of both 
main renal arteries. The femoral mean pressure was reduced immediately from 
126 to 70 mm. Hg. There was no immediate effect on the carotid systolic pres- 
sure, and it remained within the limits of the normal range, until Oct. 14, when 
the aorta just above the origin of both main renal arteries was moderately con- 
stricted by another clamp. The femoral mean pressure was immediately reduced 
slightly from 95 to 80 mm . Hg. There was no immediate effect on the carotid 
systohc pressure, but in several da}^ it rose to 217 mm. Hg. During the next 
7 weeks it fell gradually to normal. On Dec. 7, the carotid systolic pressure 
was 152 mm. Hg, and the femoral mean pressure was 120 mm. Hg. 

Occlusion of the aorta by tightening the clamp above the renal arteries, on 
Dec. 7, 1937, and below the renal arteries, on Mar. 3, 1938, caused a re-elevation 
of carotid systolic pressure, but after each clamping it fell gradually to normal. 

Apr. 11. Right nephrectomy was also followed by re-elevation of carotid 
systolic pressure, but again it fell gradually to normal. There was still no in- 
dication of renal excretory insufficiency. B.U.N 18.8 mg., Cr. 1.1 mg., CO 2 

44.8 volumes per 100 cc. of plasma. 

May 4. The left main renal artery was greatly constricted. May 5. Carotid 
systolic pressure rose to 263 mm. Hg, B.U.N. 69.0 mg., Cr. 3.6 mg., CO 2 36.6 
volumes per 100 cc. of plasma. 

May 7. At 9 a.m. the carotid systolic pressure was 280 mm. Hg, B.U.N. 

99.9 mg., Cr. 5.7 mg., CO 2 40.0 volumes per 100 cc. of plasma. The dog was in 
coma, had con\mlsions and passed bloody material from the rectum and bladder. 
During one convulsion the carotid sj'stolic pressure was 330 mm. Hg. Removal 
of the clamp on the renal artery was followed in about 6 hours by a fall of carotid 
systolic pressure to 140 mm. Hg, but the animal was in convulsive uremia, B.U.N. 
131.3 mg., Cr. 5.1 mg., and died 10 hours after the removal of the clamp. 

At autopsy, in the gross, and microscopically, the tj-pical lesions of the malig- 
nant phase of this t 3 -pe of h>'pertension were present in stomach, small and large 
intestine (e.xcept rectum), brain, pituitary, myocardium and epicardium. 

No. 3-91: Tan and white hound, female, middle age, 17.0 kg. 

Vcl. 10 to Mar. 16, 193S. During this pre-operative period the carotid systolic 
pressure varied between 152 and 172 mm. Hg. Mar. 16 to Apr. 12. Constric- 
tion of the aorta below the origin of both main renal arteries, on Mar. 16, had no 
significant effect on the carotid systolic pressure which varied between 150 and 
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176 mm. Hg, during the normal period. Femoral mean pressure fell from 130 
to 60 mm. Hg, immediately after the clamping, but on Apr. 12, it had returned to 
110 mm. Hg. 

After constriction of the aorta above the origin of both main renal arteries, 
on Apr. 12, carotid systolic pressure rose progressively to a maximum of 280 
mm. Hg, on Apr. 18. By June 9, it had fallen to 192 mm. Hg. Occlusion of 
the aorta above (June 9) and below (June 27) the main renal arteries was followed 
by temporary re-elevation of carotid systolic pressure, but, on Aug. 29, it was 
again 190 mm. Hg. On this day the left main renal artery w’as modemtel}’ 
constricted. Following this, carotid systolic pressure rose to a maximum of 
306 mm. Hg. On Sept. 14, when it was still 292 mm. Hg, the right main renal 
artery was greatly constricted. 

Scpl. 15. The dog appeared obviously ill. The pulse was very rapid and 
feeble, yet the blood pressure was still high. Carotid systolic pressure was 2S4 
mm. Hg at 9 a.m. B.U.N. 29.3 mg., Cr. 3.0 mg., COj 36.2 volumes per 100 cc. 
of plasma. At 3 p.m. the animal died, immediately after an electrocardiogram 
was taken. 

At autopsy, in the gross, no obvious cause of death wms found. The heart 
weighed 194 gm. and its chambers were greatly dilated. Although the blood 
creatinine was 3.0 mg. about 6 hours before death, yet tlie gross anatomical 
signs of the malignant phase of hypertension, found in other animals, were absent. 
Microscopically, however, some of the arterioles of the intestine showed hyaliniza- 
tion of the wall. Acute cardiac failure in an animal with early renal excrctorj’ 
insufficiency was considered the most probable cause of death. 

No. 3-92: Brown hound, female, middle age, 17.0 kg. 

Feb. 10 to Mar. 16. During this pre-operative period the carotid systolic 
pressure varied between 159 and 172 mm. Hg. 

Mar. 16. Moderate constriction of the aorta below’ the origin of both main 
renal arteries reduced femoral mean pressure immediately from 120 to 70 mm. 
Hg, but from Mar. 17 to Apr. 12 the carotid systolic pressure remained unchanged 
and varied between 156 and 176 mm. Hg. On Apr. 12, it was 156 mm. Hg, and 
the femoral mean pressure was 90 mm. Hg. 

Apr. 12. The aorta was very greatly constricted by a clamp applied Just 
above the origin of both main renal arteries. The femoral mean pressure wa.s 
reduced immediately to 50 mm. Hg. Apr. 13 to June 9. The carotid systolic 
pressure rose to a maximum of 318 mm. Hg, on Apr. 20, then it fell very gradually 
to 176 mm. Hg, the upper limit of normal, on June 9. 

June 9. The clamp above the origin of both main renal arteries was tightened 
so as to occlude the aorta. June 11 to June 27. The carotid systolic prc-.’iurc 
became rc-clcvatcd to a ma.ximum of 246 mm. Hg, on June 17, then fell grad- 
ually, but was still 220 mm. Hg on June 27. 

June 27. The aorta below both main renal arteries was also occluded by 
lightening of the clamp at this site. June 2S to Aug. 20. The carotid systolic 
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pressure rose ugEin to 3. maxiinuiii of 248 rntn . Hg, End then fell giEduElly to 
182 mm. Hg, on Aug. 29. B.U.N 11.4 mg., Cr. 1.6 mg., COj 55.0 volumes per 
100 cc. of plasma. 

Aug. 29. The left main renal artery -was moderately constricted. Aug. 30 
io Sepl. 14. The carotid systolic pressure rose to a maximum of 296 mm. Hg 
on Sept. 8. It remained greatly elevated. 

Sepl. 14. The right main renal artery was greatly constricted. Sepi. 15 to 
Sepl. 24. The carotid systohe pressure was 280 mm. Hg before the operation 
on Sept. 14, and it remained elevated at about this level during the entire period 
following the operation, but the animal progressively developed profound uremia 
and acidosis until, on Sept. 28, the day of death, B.U.N. 225.0 mg., Cr. 11.2 mg. 
and CO 2 24.1 volumes per 100 cc. of plasma. 

At autopsy, in the gross, and microscopically, petechiae and the typical arteri- 
olar lesions of the malignant phase were present in the mucosa and serosa of the 
stomach, small intestine, large intestine, pancreas, urinary bladder, mesenteric 
and periaortic lymph nodes, epicardium, brain and diaphragmatic muscle. 

No. 3-57: Collie, male, young, 10.0 kg. 

Aug. 31 to Oct. 20, 1937. During the pre-operative period the carotid systolic 
pressure varied between 120 and 135 mm. Hg. 

Oct. 20. The aorta below the origin of both main renal arteries was very 
greatly constricted. The femoral mean pressure was reduced immediately from 
120 to 48 mm. Hg. Oct. 21 to Dec. 7. During tMs period the carotid systolic 
pressure varied between 144 and 150 mm. Hg, which was well within normal 
limits for this animal. The femoral mean pressure gradually rose to 120 mm. Hg. 
On Dec. 7, the carotid systolic pressure was 146 mm. Hg._ 

Dec. 7. The aorta above the origin of both main renal arteries was greatly 
constricted by means of another clamp. This reduced the femoral mean pressure 
only slightly, to 100 mm. Hg, although the plate was screwed down almost as 
far as it would go. Dec. 8 to Dec. 24. The carotid systolic pressure rose in a 
few days to a maximum of 240 mm. Hg. At the same time even the femoral 
mean pressure rose above normal to 175 mm. Hg. On Dec. 24, the carotid 
systolic pressure was 236 mm. Hg, the carotid mean pressure was 195 mm. Hg, 
and the femoral mean pressure was 160 mm. Hg. Dec. 26. The animal was found 
dead. At autopsy, the cause of death was found to have been intra-abdominal 
hemorrhage caused by erosion of the aorta by the clamp above the origin of 
both main renal arteries. 

Iso. 3-89: Black and white, short haired mongrel, male, middle age, 9.0 kg. 

Jan. 29 to Mar. 1, 1938. During the pre-operative period the carotid s>'stoh'c 
pressure %’aried between 134 and 160 mm. Hg, and the femoral mean pressure 
varied between 120 and 145 mm. Hg. 

■Mar. 2. Right nephrectomy. Mar. 3 to May 5. CaroUd sj-stolic pressure 
remained within normal limits. 
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May 6. The aorta below the origin of botli main renal arteries was greatly 
constricted. The femoral mean pressure was immediately reduced from 120 to 
60 mm. Hg. During the next 3 days, there was no elevation of tlie systolic 
blood pressure, which was 152, 146 and 154 mm. Hg on successive daj’s. May 10, 
The animal was found dead. The cause of death was not determined. 



Text-Fig. 2. No. 3-83: Doberman pinsclier, female, ymung, IS kg. 

Aob, abdominal aorta just below the origin of both main renal arteries greatly 
constricted by a clamp. Aon, abdominal aorta just above the origin of both 
main renal arteries greatly constricted by a clamp. AonC, abdominal aorta above 
the main renal arteries occluded by tightening the clamp. AobC, abdominal 
aorta below the main renal arteries occluded by tightening the clamp. FK, left 
main renal artery greatly constricted by a clamp. RK, right main renal artery 
greatly constricted by a clamp. 

The figures for blood pressure -which appear as solid black circles represent 
the carotid systolic pressure determined by the van Leersum carotid loop method 
(3, 94). The figures which appear as open circles represent femoral mean pres- 
sure determined by the direct method. 

The Effect of Coiislriclion of I he Aorta hclow the Origin of the Main 
Renal Arteries Folloivcd Later by Constriction of the Aorta above 
the Renal Arteries and Finally Constriction of the Main 
Renal Arteries 

Constriction of the main renal arteries was finally necessary to 
cfiiect persistent elevation of blood pressure in some animals with the 
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aorta constricted or even occluded below, and later above, the ori^n 
of the main renal arteries. On dog 3-83 (Text-fig. 2), the constriction 
of the aorta below the origin of the main renal arteries had no signifi- 
cant effect on the carotid systolic pressure. When this was followed 
by constriction of the aorta above the site of origin of both main renal 
arteries, there was a prompt and significant rise of carotid systolic 
as well as mean pressure. Carotid systolic pressure then fell gradually 
over a period of about 2 months, but did not quite return to the 
normal level. Ocdusion of the aorta first above and, about 3 weeks 
later, also below the origin of the main renal arteries, resulted in a 
re-elevation of carotid blood pressure which again did not persist. 
In about 3 months the carotid systolic pressure had gradually returned 
to slightly above the normal level for this dog. Moderate constric- 
tion of first the left and, a few days later, the right renal artery, re- 
sulted in great elevation of carotid systolic and carotid mean pressure, 
and even the femoral mean pressure became and has remained sig- 
nificantly elevated above the normal, despite the occlusion of the 
abdominal aorta at two sites. The animal is stiff alive about 4 
months after the constriction of the renal arteries, the blood pressure 
in the carotid loop is stiff greatly elevated (Text-fig. 2), and there is 
no chemical evidence of renal excretory insufficiency. 

T/:e Effect of Constriction of the Abdominal Aorta Just above the Origin 

of the Main Renal Arteries on the Blood Pressure of Animals with 
the Main Renal Arteries Previously Constricted 

In a few animals in which both main renal arteries had been con- 
stricted, but in which, after a variable period of hypertension, the 
blood pressure had returned to a lower level, constriction of the 
abdominal aorta above the origin of both main renal arteries resulted 
in a re-elevation of blood pressure. Two animals (Nos. 2-48, 3-03) 
died of hemorrhage due to erosion of the aorta. One of these survived 
8 daj's, the other 21 days. During the period of survival both animals 
showed a persistent elevation of carotid systolic pressure. 

One animal (No. 2-31), with renal arteries previously constricted, 
died of uremia after tlie abdominal aorta just above the renal arteries 
was constricted. In this dog the blood pressure had returned to a 
lower level, but was stUl elevated, and renal excretory' function was 
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normal. During the period of survival following constriction of the 
aorta above the main renal arteries, the carotid systolic pressure 
became greatly elevated. 

In one animal (No. 1-40) with the aorta constricted above the 
origin of the main renal arteries, after previous constriction of both 
main renal arteries had failed to keep the blood pressure at a high level, 
the exact cause of death was not determined. After constriction of 
the aorta, the period of survival was short, but the carotid systolic 
blood pressure rose to a very high level. 

No, 2-48: Shepherd, female, middle age, 18.0 kg. 

Ja7i. 15, 1936, to Mar. 3, 1937. During the normal period of more than 1 )'e,'ir, 
the carotid systolic pressure varied between 120 and 156 mm. Hg. During the 
last 6 months of this period, it never was higher than 138 mm. Hg, and most 
frequently it varied between 120 and 130 mm. Hg. On Mar. 3, 1937, the carotid 
systolic pressure was 128 mm. Hg. 

Mar. 3. The right main renal artery was moderately constricted. Mar. 4 
to Mar. 31. During this period the carotid systolic pressure slowly reached a 
maximum of 196 mm. Hg, and then fell rather abruptly to 166 mm. Hg. 

Mar. 31. The left main renal artery was moderately constricted by a damp. 
Apr. 1 to Sept. 22. During this time the carotid systolic pressure rose in a few 
days to a maximum of 210 mm. Hg, and then fell gradually to 168 mm. Hg. 

Sept. 22. B.U.N 17.9 mg., Cr. 1.5 mg., CO 2 48.2 volumes per 100 cc. of plasma. 
The aorta was very greatly constricted by a clamp applied just above the origin 
of the main renal arteries. The femoral mean pressure was reduced immediately 
from 140 to 50 mm. Hg. Sept. 23 to Sept. 30. During this period the carotid 
systolic pressure rose to 292 mm. Hg, on Sept. 25, and remained above 240 mm. 
Hg until death. Oct. 1. The animal was found dead. At autop.sy, dcxith was 
found to have been due to erosion of the aorta by the clamp. 

No. 3-03: Hound, black and white, middle age, female, 15.0 kg. 

Dec. 1, 1936, to Jan. 12, 1937. During the normal period the carotid .systolic 
pressure varied between 160 and 170 mm. Hg, and the femoral mean pressure 
varied between 115 and 145 mm. Hg. During the last weeks of this period the 
femoral mean pressure was never higher than 130 mm. Hg. Jan. 12, 1937, to 
Sept. P, 1938. Laminectomy and section of anterior nerv’C roots from si.xth 
dorsal to second lumbar, inclusive, were performed on Jan. 12, 1937. This had no 
significant effect on blood pressure. On Jan. 26, 1938, and Feb. 3, the left and 
right main renal arteries, respectively, were moderately constricted. On Apr. 22 
and June 30, the left and right main renal arteries, respectively, were occluded. 
During the intervals between the operations the carotid systolic pressure first 
rose to high levels (ma.ximura 290 mm. Hg), but always fell again. On Sept. 8, 
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1938, left nephrectomy was performed. From Sepl. 9 to Oct. 26, despite the 
occluded right main renal artery, and absence of left kidney, no chemical evidence 
of renal insufficiency developed. During Uiis period carotid systolic pressure was 
well over 200 mm. Hg for about 3 weeks, and then fell to 190 mm. Hg. 

Ocl. 27 . The aorta was moderately constricted by a clamp applied just above 
the origin of both main renal arteries. The femoral mean pressure was reduced 
immediately from 160 to 80 mm. Hg. Od. 27 to Nov. 17. The carotid systolic 
pressure rose to 240 mm. Hg, and remained around this level imtil Nov. 15, on 
which day the last determination was made. The femoral mean pressure, despite 
the clamped aorta, gradually rose to 180 mm. Hg, which was well above the 
normal range when the aorta was wide open. The anunal was seen at 9 a.m. 
on Nov. 11, and seemed perfectly well. At 10 a.m. it was found dead. At 
autopsy, the cause of death was found to have been massive intra-abdominal 
hemorrhage due to erosion of the aorta by the damp. 

No. 2-31: Black mongrel terrier, female, young, 20.4 kg. 

Nov. 20 to Dec. 13, 1935. During the normal period the carotid systolic 
pressure varied between 142 and 160 mm, Hg. 

Dec. 13. The right main renal artery was moderately constricted by a clamp. 
Dec. 14, 1935, to Jan. 7 , 1936. The carotid systolic pressure rose to a maximum 
of 232 mm. Hg, on Dec. 20, 1935, and then fell gradually to 166 mm. Hg on 
Jan. 7, 1936. 

Jan. 7, 1936. The left main renal artery was moderately constricted. Jan. 8, 
1936, to Jan. 18, 1938. During more than 2 years the carotid systolic pressure 
varied between 190 and 230 mm. Hg. On Jan. 15, 1938, it was 202 mm. Hg. 

Jan. 18, 1938. The aorta was very greatly constricted by a clamp applied 
just above the origin of both main renal arteries. The femoral mean pressure 
was reduced immediately from 160 to 70 mm. Hg. B.U.N. 24.0 mg., Cr. 1.3 mg,, 
CO 2 48.2 per 100 cc. of plasma. Jan. 20. B.U.N. 64.0 mg., Cr. 4.9 mg. per 
100 cc. of plasma. The carotid systolic pressure was 255 mm. Hg. Jan. 21. 
The animal was found dead. At autopsy, petechiae were found in the mucosa 
of smalt and large intestine and of urinary bladder. Microscopically, the arterioles 
were byalinizcd and some were necrotic. Much of the hemorrhage was of capil- 
lary origin. 

No. 1-40: Black and white, short haired mongrel, female, 12.8 kg. 

Jan. 5, 1934, to Mar. 28, 1935. During this normal period of more than 1 
year the carotid systolic pressure varied between 134 and 162 mm. Hg. 

Mar. 29, 1935, to Sept. 23, 1937. During this period of more than 2 years, 
first one and then the other main renal arterj' was constricted and finally occluded.’ 
After each operation the carotid systoUc pressure rose and at times reached a 
maximum of 290 mm. Hg. Howc\'cr, on Sept. 24, 1937, carotid sj-stolic pressure 
had returned to 1 70 mm. Hg, and there was no chemical evidence of renal excretory 
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insufficiency. B.U.N. 10.0 mg., Cr. 1.2 mg., COj 49.0 volumes per 100 cc. ( 
plasma. 

Sept. 24. The aorta above the origin of both main renal arteries v’as greatl, 
constricted. The femoral mean pressure was reduced immediatel}’^ from 150 t( 
60 mm. Hg. Sept. 25. The carotid S 5 ’’stolic pressure was 236 mm. Hg, B.U.N 
26.0 mg., Cr. 1.3 mg., CO 2 34,8 volumes per 100 cc. of plasma. Sept. 26. The 
carotid systolic pressure was 270 mm. Hg. The animal died suddenly soon after 
the blood pressure was determined. The blood was not examined chemically 
on this day, so that the presence of uremia cannot be excluded, but tlierc were no 
anatomical signs of uremia associated witli hypertension. The heart cliambcrs 
were greatlj' dilated. The lungs were edematous and hy^peremic. Acute cardiac 
failure was regarded as the most probable cause of deatli. 

The Effect of Constriction of the Abdominal Aorta in a Bilaterally 

N ephrectomized Animal 

In one animal (No. 4-13) the aorta was constricted at the same time 
tliat the second kidney was removed. The animal sur\dved 2 days. 
During this time the carotid systolic pressure did not become elevated, 
although azotemia of a high degree, witliout convulsions, developed 
before death. 

No. 4-13: Black and white, short haired, mongrel, female, 13.6 kg. 

May 12 to Oct. 26, 193S. During tlie pre-operative period the carotid systolic 
pressure varied between 142 and 162 mm. Hg. The femoral mean pressure 
varied between 120 and 145 mm. Hg. 

Oct. 26. Right nephrectomy. Oct. 27 to Nov. S. During this period the 
blood pressure did not become elevated. Carotid systolic pressure varied between 
136 and 160 mm. Hg, and the femoral mean pressure varied between 125 amt HO 
mm. Hg. Nov. 7. B.U.N. 12.0 mg., Cr. 1.7 mg., CO" 50.1 volumes per 100 
cc. of plasma. 

Nov. S. Left nephrectomy. A clamp was also applied to the aorta just above 
Uie site of the left main renal artery. The aorta was greatly constricted. '1 ho 
femoral mean pressure was reduced immediately from 140 to 55 mm. Ilg. 'Ihc 
operations were performed under local anesthesia (procaine) with a previous 
hypodermic injection of morphine and atropine. Immediately after the operation 
the animal appeared perfectly normal and was able to cat and drink as if nothing 
had been done to it. For the next 2 d.ays it continued to appear well. It drank 
water, but refused food. There was no immediate cficct on the carotid systolic 
or carotid mean pressure which remained unchanged at 146 nun. Jig immediately 
after the clamping. Several determinations of blood pressure were made during 
the day of the operation and during the survival period of 2 days. .At no time 
was the pressure higher than 156 mm. Ilg, which was within the normal limits. 
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although the animal developed marked azotemia. Nov. 9. Carotid systolic 
pressure 142 mm. Hg at 9 a.m. and 114 mm. Hg at 4 pan. Nov. 10. B.U.N. 
123.0 mg., Cr. 8.4 mg., CO 2 60.4 volumes per 100 cc. of plasma. The carotid 
systolic pressure was 74 mm. Hg at 9 a.m. The animal appeared moribund. 
It was found dead at 9.15 a.m. 

This gnimal developed marked azotemia, without convulsions or hypertension. 
At autopsy, there were no gross petechiae or microscopic lesions in the arterioles 
such as have been found commonly in our animals with convulsive uremia com- 
plicating hypertension (9). There was also one other striking difference. In 
this animal, even terminally, the CO 2 capacity was higher than normal, whereas 
in animals with uremia complicating hypertension, even terminally, it is usually 
lower than normal. 

The Effect of Constriction of the Thoracic Aorta 

Several attempts to constrict the aorta at various levels within the 
thorax were without conclusive results, due to technical difficulties. 
Acute dilatation of the heart, intrathoracic hemorrhage due to erosion 
of the aorta by the clamp, pneumonia with empyema, or hydrothorax 
mth puhnonaiy atelectasis caused the early death of these animals. 
None of the animals lived long enough without complications to 
permit any conclusion about the effects on blood pressure of persistent 
intrathoracic constriction of the aorta. This part of the study is 
being continued. 


DISCUSSION AND SUMMARY 

Constriction of the aorta just above the origin of both main renal 
arteries invariably resulted in elevation of the carotid systolic and 
carotid mean pressure. The h}'pertension was not immediate, but 
developed in about the same time as after constriction of the main 
renal arteries (3). Constriction of the aorta just below the origin of 
both main renal arteries had no significant effect on the carotid 
systolic or carotid mean pressure. Since these results were first 
reported (1), Rytand (88, 89) has shown by an indirect method, 
namely, the demonstration of the development of cardiac hypertrophy, 
that hjiiertcnsion in the upper part of the body can be produced 
m the rat by constriction of the aorta just above the origin of both 
main renal arteries. 

The immediate effect of constriction of the aorta either below or 
above the main renal arteries is a fall of blood pressure (femoral mean 
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to constriction of the renal arteries results in greatly elevated per- 
sistent hj'pertension. Constriction of the aorta alone above the 
origin of the main renal arteries would be useful in the dog only for 
the production of relatively short periods of hypertension in the upper 
part of the body. For small animals it may be a more effective and 
useful method. In the dog, the only technical difficulty encoimtered 
was the erosion of the wall of the aorta by the damp. This may not 
occur in small animals. In previous studies (2-11) that have dealt 
with the constriction of the main renal arteries, this accident rarely 
occurred. 

When the constriction of the aorta above the origin of the main 
renal arteries was of moderate degree, or was gradually made very 
great, the resultant hypertension was not accompanied by impair- 
ment of renal excretory function, as determined by urea clearance or 
by the quantity of urea, creatinine or non-protein nitrogen in the 
blood, the benign phase of hypertension (3). When the constriction 
of the aorta was suddenly made very great, impairment of the renal 
excretory function usually followed, and the animal developed fatal 
convulsive uremia and characteristic vascular lesions, the malignant 
phase of hypertension (9). These facts are all indicative of the renal 
origin of the hypertension which results from the constriction of the 
aorta just above the origin of both main renal arteries. 

Hypertension did not persist for a sufficiently long time to permit 
any conclusive comparison between the effect of the high and low 
pressures on the structure of the vascular system, above and below 
the site of the damp, respectively. During the period of survival 
of these animals, no significant differences were observed between the 
appearance of the vascular system of the upper part of the body and 
that of the lower part of the body, and significant cardiac hypertrophy 
did not develop. In the aorta and large arteries, intimal arterio- 
sclerosis was not observed. In the aorta of one old animal several 
small plaques of calcification were found in the media, but these 
were present in the portion of the aorta below, as well as above the 
clamp, and they were no larger or more abundant than were observed 
in some old dogs with normal blood pressure. Dogs 3-50 and 3-83, 
tliat are still alive, with vcr>- high blood pressure above the site of 
the aortic damps, and relatively low pressure (though greater than 
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normal) below the site of the aortic clamps, will be valuable for tlic 
determination of possible differences between the effects of tlie two 
levels of blood pressure in the large and small blood vessels. In 
these dogs also, it will be possible to determine the effect of the 
persistently high blood pressure on the m 5 '’Ocardium. 

The possible application of the results of this study to tlie problem 
of the pathogenesis of human eclampsia is mentioned here for con- 
sideration. Since this condition occurs in pregnancy only at a time 
when the uterus is greatly enlarged, it is at least possible that the 
mass may press on the aorta or both main renal arteries suflicientl)' 
to produce renal ischemia. The suddenness with which the uremic 
convulsive phase of eclampsia develops is in keeping witli this idea. 
In the dog, an aggravating effect of pregnancy on an already estab- 
lished hypertension has not been noted. As a matter of fact, most 
of the hypertensive dogs that have become pregnant, have shown a 
slight or moderate fall, rather tlian an increased rise of pressure. 
Since the dog stands with the body in a horizontal position, and docs 
not lie on its back, pressure of the pregnant uterus on the aorta and 
blood vessels is less than in human beings who stand erect and fre- 
quently lie on their backs. The soundness of tliis suggestion could 
be tested by placing pregnant women, in the early stage of eclampsia, 
in a position which could relieve possible pressure on the aorta and 
main renal arteries. 

A possible explanation of tlie fall of pressure in the pregnant Jiypcr- 
tensive dogs is the compensator^’^ effect of the normal kidneys of the 
pups, as in the case of an animal witli one main renal artery constricted 
and the otlier kidney normal. As has been shown (3, 31, 72), the pre- 
sence of one normal kidney in an animal hypertensive due to constric- 
tion of the other main renal artery, results, after a variable period, in 
a return of the blood pressure to normal. How the normal kidney acts 
to produce this effect is not known. 

CONCLUSIONS 

Constriction of the abdominal aorta just above the site of origin 
of both main renal arteries has little or no immediate effect on the blood 
pressure above the site of the clamp, (carotid sy.stolic or mean pres- 
sure), but in about 24 hours, hypertension develops. Below the site 
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of the clamp, the immediate effect is a lowering of the femoral mean 
pressure. As the carotid systolic pressure becomes elevated, the 
femoral mean pressure also begins to rise and, in some animals, eventu- 
ally reaches a level higher than normal, despite great constriction or 
even occlusion of the abdominal aorta. 

Constriction of the aorta just below the origin of both main renal 
arteries has no significant effect on the blood pressure (carotid systolic 
or mean pressure) above the site of the clamp. Below the site of the 
clamp, the blood pressure falls and tends to remain down, or at most 
returns to the pre-operative level. 

The uremic, convulsive (malignant or. eclamptic) phase of hyperten- 
sion, with renal excretory insufficiency and degenerative, necrotizing 
and inflammatory arteriolar lesions in many organs has been produced 
by suddenly constricting to a great degree the abdominal aorta just 
above the origin of both main renal arteries. The presence of renal 
excretory insufficiency in the animals that develop hypertension is 
directly dependent upon the degree of constriction of the abdominal 
aorta, and especially the rapidity with which it is produced. 

Hypertension following the constriction of the abdominal aorta 
just above the origin of both main renal arteries, whether or not 
accompanied by renal excretory insufficiency, is of renal origin. 
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In the first paper of this series (1), the histopathology of equine 
encephalomyelitis in the guinea pig was described and discussed in 
detail. The virus Injected peripherally readily invades the blood 
stream and then infects the central nervous system. The mode of 
entrance of the virus into the nervous system from an injection site 
at the periphery is not clear. 

Hurst (2), studying the guinea pig, believed that the local peripheral nerves 
are not involved in the pathogenesis. He suggested that virus is deposited from 
the blood on the olfactory mucosa, -whence it travels to the subdural space by 
means of the perineural lymphatics. The recent work of Yoffey and Drinker (3) 
makes such an explanation improbable. Hurst also suggested the passage of 
virus from the blood across the endothelium of the cerebral blood vesseb (in his 
phrase, a “growth through” the hematoencephalic barrier). 

Sabin and Olitsky (4) believed that, in contrast to the behavior in mice, the 
virus in the guinea pig passes directly across the vascular endothelium, since in this 
animal the lesions bear a definite relation to blood vessels. With the Western 
strain of the virus, Larsell, Haring, and Aleyer (5) similarly suggested a direct 
passage across the blood vessels, also on the basis of the perivascular nature of the 
lesions. The validity of this evidence will be treated in the discussion. 

Because of the lack of unequivocal data, the problem was reinves- 
tigated. Topographical analysis of early cases seemed the most 
promising method. This method depends on the assumption that 
the earliest localization of the virus -will produce the first lesions. Al- 
though, as is well known, virus may be present without causing tissue 
damage, an area with a demonstrable tv-pical lesion presumably has 
harbored the virus for a longer period than any area without lesions. 
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By charting all the lesions in a brain the earliest localizations can 
thus be determined. 

Method 

Since topographical anabasis would be valueless when the encephalitis is fully 
developed, it was essential to secure very early cases for study. To ensure the 
presence of lesions before tlie brains were serially sectioned, a method of vital 
staining was used, modified from that of McClellan and Goodpasture (6). The 
following procedure was used in guinea pigs. 1 to 2 hours before the animal is to 
be sacrificed, 2 to 3 cc. of 2 per cent tr}T>an blue are injected intravenously. It is 
usually desirable to administer an additional 1 cc. subcutaneously the day pre- 
viously. The intravenous injection usuaUj' prostrates the animal which, after 
1 to 2 hours, is killed with chloroform. The neiv^ous system is then perfused with 
formalin through the aorta under physiological pressure. When the brain is 
removed, lesions are clearly outlined in blue against the colorless background. 
The entire success of the method depends on securing a good perfusion. Otherwise 
even the normal portions of the brain may be colored, due to dye contained within 
the blood vessels. 

With tins method, animals were kiUed at various intervals after inoculation. 
The nerve tissue was imbedded in paraffin and sectioned serially at 15 microns. 
Every 15th or 20th section was mounted and stained. 

Two strains of virus were used. One was isolated in 1937, and the 2nd, 3rd, and 
4th subinoculations in guinea pigs were employed. The 2nd was isolated in 1938, 
and the 1st guinea pig subinoculation was used. The results of the two strains 
were indistinguishable. 


OBSERVATIONS 

Observations on 9 selected animals, none of which showed any 
clinical signs of disease at the time of sacrifice, arc presented in de- 
tail. Even a cursory survey of the material shows that, with a con- 
stant mode of inoculation, the lesions are never the same in any two 
cases. In the accompanying figures are charted the lesions which 
appear on the surface. All those which arc hidden from view in the 
interior of the brain arc described in the accompanying te.xt. Sum- 
maries arc presented in Table I and should be consulted in conjunc- 
tion with the charts. For a detailed description of the anatomical 
structures mentioned below, reference may be made to standard 
works on the nervous system of rodents (7). 

No. 1. Iv.oculaHon into both hind padi. Sacrificed after 5S hours. Every lUh 
S'.clicn tr.cur.lcd and Both olfactory bulb^ contain a few sm.all dircrcte 
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TABLE I 


Guinea | 
pig 

No. 

; Killed 

_ Route of 
inoculation j 

1 lation) 

• i 

1 

1 krs. ' 

Hind pads j 58 1 

2 

i 

“ “ i 57f 1 

1 

3 

00 

4 

1 1 
1 

I « .. j 

1 

5 

I “ “ ' 58^ 

1 

1 1 

1 

6 

! 

Intranasal ( 67 

7 

j 

Intraocular ; 06 
(right) 

8 

“ “ 58 


Summary of lesions 


58 i 


Small discrete lesions scattered over the frontal part of the 
brain, involving the olfactor>- and neocortical portions 
about equally. Similar lesions present in the cerebellum. 
Subcortical centers intact 

Scattered lesions present in neocorte.r and cerebellar corte.r, 
as u-ell as in a few unrelated subcortical centers 
Scattered lesions involving portions of the olfactory brain 
and unrelated areas in the neocorte-v. Subcortical lesions 
situated only in the intermediate auditory centers; lowest, 
primarj' auditory nuclei normal 
Cerebral lesions restricted to e.ttensive involvement of the 
olfactory regions, without affecting the hippocampus. 
Isolated lesions in the cerebellar corte.v 
Inflammatory involvement primarily of the lower and higher 
visual centers of both sides, more severe on the left. 
Most of the thalamus, including the non-visual portions, 
affected, as well as certain auditory centers. Parts of 
the olfactory pathways, as well as the basal ganglia, 
also injured 

Widespread lesions in lower olfactory connections; but 
circumscribed, unrelated lesions also present in neocortical 
areas, the caudate nucleus, the cerebellum, and the raid- 
brain 

Involvement of right anterior olfactory regions, and of 
scattered neocortical areas. Thalamus and subcortical 
centers intact 

Involvement of entire optic pathway of both sides, from the 
chiasm to the cortex, the left side more than the right. 
Lesions extend to contiguous areas which are functionally 
independent. Isolated lesions present in the left claustrum 
and pons, regions independent of each other and of the 
affected portions elsewhere. Certain intermediate acoustic 
centers atfcclcd 

.\ feu scattered lesions in the intermediate olfactory centers 
and in the ncocortex. Olfactory bulbs normal. Lower 
\-isual centers corresponding to the inoculated eye show 
very early involvement, but of much less intensity than 
the cortex 






LESTER S. KING 


679 


lesions. In the remainder of the olfactory brain there are only two other lesions, 
one in the anterior olfactory nucleus on the right, the other astride the rhinal 
fissure on the left, involving the neo- and olfactory cortex about equally on either 
side of the fissure. There are other lesions in the neocortex, as indicated in the 
chart, affecting the orbital, precentral, postcentral, and insular areas. There are 
no concealed lesions; the hippocampus, basal ganglia, thalamus, midbrain, pons, 
and medulla are entirely normal, as is the spinal cord. In the cerebellum there 
are a few sharp foci, two of which, in the flocculi, show exquisite bilateral symmetry. 

No. 2. Inoculation into both hind pads. Sacrificed after 57i hours. Every I5th 
section mounted and stained. — ^No part of the olfactory system is involved. In the 
neocortex lesions are present in the right postcentral area, involving the insular 
cortex to some extent, and the right parietal region. There is a small focus of low 
intensity in the left temporal cortex. Two isolated lesions are present in the 
cerebellar cortex. Several lesions are present in lower centers, not indicated in the 
chart. There is bilateral ependymitis with, in one area, a collection of poly- 
morphonuclear leucocytes impinging on the ventricle. The left caudate nucleus 
also contains a small but intense focus of inflammation. The right medial geni- 
culate body and the right inferior colliculus contain early lesions, but the acoustic 
tubercles and intermediate centers are entirely normal. No other lesions are 
present in any portion of the brain or cord. In the meninges are two small areas, 
one in the left temporal cortex and one at the base at the level of the posterior 
thalamus, where there is some mononuclear infiltration, slight in both degree and 
extent. These meningeal areas are not related to regions of parenchymatous 
inflammation. 

No. 3. Inoculation into both hind pads. Animals sacrificed 58i hours later. 
Every 15lh section mounted and stained. — ^In the entire olfactory system there are 
only three lesions, one in the medial portion of the right bulb and one in the 
entorhinal region of either side. The intermediate centers are intact, as is the 
hippocampus. Most of the lesions are situated in the neocortex where the left 
precentral and parietal, and the limbic or infraradiar areas are involved. On the 
right the lesions affect the parietal and the most anterior portion of the striate 
areas. Hidden from view are early lesions in the right inferior colliculus and 
right medial geniculate body. No other portion of the thalamus shows any 
injuiy. The lateral geniculate, sending fibers to the striate cortex, and the 
anterior nuclei, which send afferents to the limbic area, are intact. The medullary 
acoustic centers, along with the entire medulla, cerebellum, and cord, are normal. 

No. 4. Inoculation into both hind pads. Sacrificed after 62\ hours. Every 
201k section mounted and stained. —The olfactory’ bulbs of both sides contain numer- 
ous minute foci of polymorphonuclear leucocytes. There is in addition much 
more extravasation of blood than is usually seen. The olfactory centers at the 
base of the brain arc affected in very’ widespread fashion. On the right practically 
the entire extent is involved by innumerable small foci, sometimes dicrete some- 
times confluent, of varying degrees of intensity. On the left the process is similar 
but essentially limited to the anterior pyTiform cortex, sparing the tuberculum 
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olfactorium. The process e.xtends inward to a shght extent, to include the 
amygdala and the nucleus accumbens. Although the presubiculum is damaged, 
the involvement does not include the hippocampus. For the most part tlie 
inflammatory changes are sharply limited dorsally b}' the rhinal fissure, but in a 
few areas there is a very slight extension into the adjacent neocortex. The only 
other sign of encephalitis in the entire brain is the presence of three isolated 
discrete foci of inflammation in the cerebellar cortex. Thalamus, midbrain, pons, 
and medulla are intact. 

No. 5. Inoculalion into both hind pads. Sacrificed after 58^ hours. Every 
20th section mounted and stained . — The olfactory bulbs are intact. There is a 
minute lesion in the left olfactory crus, in the dorsal part of tlie left anterior ol- 
factory nucleus adjacent to the orbital corte.x. There are also two discrete foci of 
destruction in the left entorhinal cortex. Apart from a single isolated focus in the 
left precentral area, the other neocortical lesions are restricted to the striate, 
temporal, and occipital areas. On the right there is a single circumscribed lesion 
in the visual area, and a more diffuse region of injury more posteriori}'', which 
overflows into the inferior temporal cortex and the subiculum. On the left, 
however, the darhage is quite extensive, involving tlie greater part of the visual 
and posterior temporal cortex, and also overflowing into the subiculum. It will be 
noticed tliat the chiasm is intact, but the optic tracts exhibit small discrete lesions, 
more on the left. 

Hidden from view there is rather widespread damage to the telencephalon 
and diencephalon. Thus, the left caudate nucleus contains a small focal collection 
of polymorphonuclear leucocytes. The left putamcn and globus pallidus and the 
amygdala more posteriorly also contain early lesions. In the thalamus there are 
inflammatory clianges involving the anterior group, the lateral, and tlie ventral 
nuclei, on the left. The medial as well as the lateral geniculate bodies of both 
sides are severely injured, as well as the pretectal regions and the posterior nuclei. 
There is a much milder involvement of the medial nuclei of the thalamus, the 
subthalamus, and portions of the hypothalamus. The changes in the superior 
colliculi arc well marked; those in the inferior colliculi arc ver}' mild, with the right 
somewhat greater than the left. 

The white matter of the hemispheres, including the thalamic peduncles, sliows 
ver}' numerous glial nodules, and some cuffing of the blood vessels. The cere- 
bellum, pons, and medulla, as well as the hippocampus, arc normal. There arc no 
changes in the medullar}’ acoustic centers. The spinal cord is normal. 

No. 6. Ir.trauasal ir.slitlatiou, both nostrils. Sacrificed at 67 hours. Every 
20th section mounted and stained . — The maximum involvement affects tlic ba'^al 
olfactor}' centers. The bulbs arc the scat of numerous small lesions, which, on 
the left, continue backward in a rather diffuse fashion, including the anterior 
olfactory nucleus and pyriform corte.x. The luberculum olfactorium is hilatcr.illv 
spared. The lesions diminish in intensity posteriorly and di^apfie.ar in the po nUm 
marked. On the left the process is much less severe, only the anterior pyriform 
cortc.x being affected. More posteriorly is an isolated Ic-ion as marked, fhe 
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hippocampus is entirely spared. In the neocortex there are numerous discrete 
circumscribed lesions situated in diverse architectonic areas— precentral, post- 
central, parietal, insular, temporal, and striate. The cerebellar cortex also 
displays two isolated lesions. 

Hidden from view there is a mild degree of ependymitis of the left lateral 
ventricle. The left caudate nucleus contains a small inflammatory focus. The 
right lateral geniculate body, which sends fibers to the striate cortex, is intact; 
but the right superior colliculus, which merely receives from the cortex without 
sending, shows very early changes. Both inferior colliculi show extensive but 
very early involvement, the right somewhat more than the left. But the medial 
geniculate bodies, as well as all the medullary acoustic centers, are completely 
normal. 

No. 7. Intraocular inoculation into the right eye. Sacrificed after 66 hours. 
Every 20th section mounted and stained. — ^The right olfactory bulb shows a few 
smaU scattered lesions. On the same side the anterior olfactory nucleus and the 
anterior pyriform lobe show well marked inflammatory changes. In the neo- 
pallium there are three discrete lesions, one in the right postcentral cortex, and 
one in the right temporal cortex. There is in addition a small focus of neuronal 
degeneration in the right occipital cortex. The thalamus and other subcortical 
centers are entirely normal. 

No. 8. Intraocular inoculation into the right eye. Animal sacrificed 58 hours 
later. Every 20th section mounted and stained. — ^The olfactory bulbs and entire 
anterior portion of the brain, including neocortex, olfactory cortex, and anterior 
basal gangh'a, are entirely free of lesions. The first lesions are seen in the optic 
chiasm and optic tracts, where the left is more severely affected than the right, 
although both contain glial and leucocytic fod. The hypothalamus and olfactory 
regions adjacent to the ascending optic tract on the left show well marked inflam- 
matory reaction. The surface lesions are restricted to the striate and occipital 
cortex on the left, where the involvement is widespread. On the right, there are 
only two discrete focal lesions in the striate cortex. In addition there are seen 
lesions in the left midbrain (nucleus of the lateral lemniscus) and in the right pons, 
both reaching the surface of the brain. Hidden from view are lesions in both 
lateral geniculate bodies and both superior colliculi, the left being more severely 
damaged than the right. Both medial geniculates are involved, but the inferior 
colliculi are intact. The damage to the midbrain and posterior thalamus is not 
restricted to the nuclei mentioned, but tends to extend medially in a somewhat 
diffuse fashion. There is an isolated circumscribed lesion in the left claustrum 
at the level of the infundibulum. The medulla, cerebellum, and cord are entirely 
normal. The medullary acoustic centers show no change. 

No. 9. Intraocular inoculation into the right eye. Sacrificed after 5Si hours. 
Every 20th section mounted and stained.— Tht olfactory bulbs are free of lesions 
although there are discrete scattered lesions more posteriorly in the rhinen- 
ccphalon, namely, small early foci in the right anterior p\Tiform cortex and the 
right tubcrculum olfactorium. More posteriorly there h a well circumscribed 
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focus in the left entorhinal cortex and a more diffuse area of involvement in the 
comparable region on the right side. In the neocortex there are lesions in the right 
precentral and insular areas, and also in the right postcentral and parietal areas. 
In the subcortical centers, hidden from view, the left lateral geniculate and the left 
anterior colliculus show extremely early but very definite lesions. The remainder 
of the thalamus is entirely intact, as is the hippocampus, as well as all other 
portions of the brain. 


General Features 

It is of interest to observe whether virus lesions are isolated or 
whether they tend to involve systems. Of the 9 cases presented, 
in 4 there is definite system involvement, although of different sense 
modalities: the olfactor}^ pathway in Nos. 4 and 6, and the visual 
pathway in Nos. 5 and 8. It is noteworthy that different routes of 
inoculation were utilized. In line with this, it is seen that the same 
route of inoculation can, in different instances, produce totally differ- 
ent distribution of lesions (as No. 8 contrasted with No. 9, both with 
intraocular injections; or, with pad inoculation. No. 4 contrasted 
with No. 2). On the other hand, as already mentioned, different 
modes of inoculation can produce substantially the same result. 

Apart from the occasional system involvement, there should be 
noted the frequency of discrete scattered lesions in the cortex, of the 
hemispheres, the cerebellum, and the olfactory brain. The virus 
appears to attack the brain not only with reference to nerve paths, 
but also independently of known system connections. 

It is of further interest that although the cortex is the site of 
predilection, subcortical centers may also be affected at times. Thus, 
various regions in the basal ganglia, thalamus, hypothalamus, and 
midbrain show damage in one or more instances. It is important to 
realize that no antipathy c.xists between the subcortical regions and 
the virus. 


Evidence for Nerve Transmission 

The inference that the nerve pathway is implicated in pathogenesis 
depends for its force on two requirements. First, the number of 
lesions in the brain must be small. Where the entire nervous system 
is a mass of inflamed tissue, no differential significance can be attached 
to the involvement of any particular part. Second, the nerve center;. 
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implicated must be connected by simple and direct nerve paths. A 
scheme whereby a circuitous nerve connection is imagined, involving 
several intermediate stations and tracts of doubtful existence, is in- 
genious but not convincing. The force of the “nerve path transmis- 
sion,” theory is proportional to the directness of the connecting path- 
way, and inversely proportional to the total number of lesions. 

The best example of the importance of nerve connections in the 
spread of the virus is offered by No. 8. Here inoculation was into the 
eye, and the lesions involve, in a quite selective manner, the entire 
optic pathway up to the cortex. Other unrelated lesions wiU be dis- 
cussed below. In No. 5, with virus injected into the pads, there is a 
strikingly similar distribution of lesions. In this latter case, the 
virus carried by the blood attacked some part of the optic pathway, 
and then spread out along the nerve paths of the visual system. 

The utilization of existing nerve paths in the spread of virus within 
the brain is shown by the olfactory connections. Virus instilled into 
the nose (No. 6) affected the olfactory bulbs, the pyriform lobes, and 
entorhinal cortex, which are coimected with the bulbs by the lateral 
olfactory tract. The other lesions wiU be discussed below. In No. 
4, a pad inoculation, the bulbs and pyriform cortex are affected in a 
manner very similar to the previous case. S imil arly in No. 7, the 
right olfactory bulb and the right anterior pyriform cortex both con- 
tain lesions. Here too the obvious link between the two involved 
regions is the nerve pathway. 

These examples suffice to show that in certain instances, where 
there are relatively few lesions in the entire brain, anatomically 
related nerve centers may be involved in a quite selective and striking 
fashion. There are two possibilities; either pure coincidence has oc- 
curred, or the nerve connections have had some part in the spread 
of the virus. The latter choice alone seems plausible in the instances 
cited. 


Evidaicc for Spread by Direct Contiguity 

WTicn two contiguous portions of the nervous system are involved 
the relationship may be one of simultaneity and independence; or' 
as in the preceding section, a spread from one region to the other by 
means of nerve connections; or, third, direct extension from one area 
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to the other, as by passive transport of virus particles in the inter- 
stitial fluid. 

It is very difficult to rule out possible nerv^e spread, for the short 
nerve connections of different regions of the brain are incredibly nu- 
merous. But in No. 3 a crucial example is presented, namely, the 
involvement of adjacent regions where nerve connections are known 
not to exist. The optic tract on the left is severely damaged, and the 
contiguous hypothalamus, medially, and amygdala, laterally, also 
show inflammatory changes. Neuronal relationship between the 
tract and these adjacent regions does not exist. The alternative of 
spread by direct extension appears overwhelmingly probable. 

Many other probable examples exist in the foregoing protocols, 
but this mode of spread once established does not need elaboration. 

Evidence for Blood Stream Transmission 

The virus, once it has attained the central nervous system, may at 
times spread along the nerve processes or’axoncs, that is, by nerve 
transmission; or it may spread by direct extension. But how does 
the virus reach the central nervous s^'^stem following a subcutaneous 
inoculation? 

In the present study the evidence for passage directly from the 
blood stream into the brain is the converse of that used to demon- 
strate nerve transmission. The latter c\’idence depends for its force 
on the involvement of successive nerve levels connected by known 
anatomical pathways. Conversely, the isolated involvement of a 
given center, all of whose knowm nerve connections arc normal, is 
presumptive evidence that the nervT pathway is not involved. Blood 
stream transmission is the only reasonable alternative. 

It is readilj’’ seen that in the brains previously described the ma- 
jority of lesions occurred independently of nerve pathways. A few 
obvious examples will suffice. In Nos. 5 and 9, there are isolated 
lesions in various parts of the rhincnccphalon, but the olfactory bulbs, 
where all incoming olfactory fibers end, arc entirely normal. In 
Nos, 2 and 3, there are lesions in the acoustic centers of the midbrain 
and thalamus, yet the acoustic tubercles, where the peripheral nerves 
end, are normal. Brain 6 has a lesion in the striate (visual) area, 
but the corresponding lateral geniculate body is intact. Similarly 
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No. 3 has a well marked focus in the left limbic (infraradiar) region, 
but the anterior nucleus of the thalamus, which is the afferent sub- 
cortical center, is imaffected. Brain 7 shows a massive focus of de- 
struction in the postcentral (sensory) cortex, yet the entire thalamus 
is normal. Several brains show small- foci in the cerebellar cortex, 
but the cerebellar connections are normal. 

The frequency of discrete small lesions in the neocortex, together 
with the intact state of the subcortical centers, is readily apparent. 
The virus injected into the periphery appeared in the highest level of 
the nervous system without any evidence of ha-vdng passed through 
the appropriate lower centers. To travel along nerve paths from the 
periphery to the cortex, certain primary and intermediate nuclei must 
be traversed. Severe lesions in the higher centers, with perfectly 
normal lower centers, would seem to exclude the utilization of nerve 
paths. The only reasonable alternative is that the virus attacked 
the cortex directly through the blood vessel wall. 

The Role of the Spinal Fluid 

Were the cerebrospinal fluid of significance in the spread of the 
virus through the nervous system, an entirely different histological 
picture would be called forth. It is known that this \’irus is capable 
of attacking the leptomeninges. Consequently a primary’- meningo- 
encephalitis, with fairly uniform distribution of lesions at the margins 
of the spinal fluid pathway, would be expected. This has not been 
observed. Instead, sharply circumscribed focal lesions appear, not 
only on the surface of the brain, but also deep in the hemisphere and 
brain stem. There appears no way to harmonize these data -nith 
any possible role of the spinal fluid in the pathogenesis of this disease. 

DISCUSSION 

The importance of the blood in the pathogenesis of this disease is 
beyond question. The %irus is known to circulate in high titer. We 
see further that after a constant mode of inoculation, as by pad in- 
jection, or intraocular inoculation, the distribution of lesions is in- 
ordinately varied. The blood stream is the only agent which could 
account for such vagaries. 

Tills is of especial interest in relation to intraocular or intranasal 
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inoculation. Out of three cases of intraocular injection presented, in 
only one was there clearly an involvement of the optic system. Even 
though the virus may utilize nerve connections from the eye there is 
still an escape into the blood. Virus once in the blood acts essentially 
at random, regardless of the site of inoculation. In sucli instances as 
Nos. 6 and 8, the primary spread is related to the site of inoculation 
(nose and eye, respectively). But there are numerous totally unre- 
lated lesions. These latter are attributable to secondary spread by 
way of the blood stream, and not by way of hypothetical nerve paths 
as yet undiscovered. 

That the spread of viruses may be determined b)’’ existing nerve 
paths is an inference. This inference has been invoked by many 
authors in the study of different neurotropic viruses (8). In the pres- 
ent study of the guinea pig, the involvement of related nerve centers 
is sometimes extremely striking. For example, Nos. 4, 5, 6, and 8 
show an involvement of successive neurones of a given system (ol- 
factory or visual), with relatively little damage to the remainder 
of the brain. The probability is overwhelmingly high that this selec- 
tive involvement was not merely due to chance; in some way the 
anatomical connections influenced the spread of the virus. 

In certain other instances the probability of nerve spread is less 
strong — mucli less so. For example, in No. 3 there arc a single lesion 
in the left olfactory bulb and single lesions in the posterior pyriform 
cortex, both right and left. There may be some causal connection 
between these three lesions; that is, the known nerv'e connections 
might be invoked as a connecting link. But there might, in this 
case, be a relationship merely of coincidence. If we compare the 
olfactory regions of Nos. 1 or 3 with those of Nos. 4 or 6, wc sec a 
marked difference. In the two latter instances, nerve spread seems 
definite; in the two former, it is problematic. Coincidence is equally 
or even more likely, especially in view of the spotty distribution of 
lesions elsewhere in the ncrv'ous system. 

On the other hand, in this series the majority of lesions in the brain, 
especially in the neocortex, do not bear any relationship to each other 
according to known anatomical connections. In such instance.^ a 
ncr\’c spread of virus seems ovcnvhelmingly imj)robablc. The altt^r- 
nativc of direct spread from the blood stream is the only satisfactory 
e.xplanation. 
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There is only one criterion of nerve spread, namely, the topograph- 
ical relationship of affected areas. Certain authors (4, 5) have held 
that the perivascular nature of some lesions is an indication that the 
virus passed through the blood vessels. In the present series of cases, 
where several hundred lesions were studied, this distinction is formd 
not to obtain. No histological difference could be observed between 
regions where the virus was presumably blood borne, as compared 
with regions where nerve transmission presmnably occurred. Only 
the anatomical relations of the affected regions, compared with each 
other and with the remainder of the nervous system, furnish a groimd 
for distinction. 

It is thus seen that the virus of equine encephalomyelitis is bipo- 
tential. It enters the brain from the blood stream through the blood 
vessel wall. Once in the nervous system, it may or may not spread 
along preexisting nerve paths. No explanation can at present be 
offered why in one instance it does and in another does not. 

A question which must be kept open is that of possible deposition of virus from 
the blood on the olfactory mucosa, with subsequent spread along the olfactory 
connections (Hurst (2), Sabin and Olitsky (4)). The mere presence of lesions 
somewhere in the olfactory brain is obviously not sufficient to establish this theory. 
However, a marked involvement of the olfactory bulbs is entirely consistent with 
the hypothesis. In the present series of cases. No. 4 might be interpreted in this 
sense if one so desired. In the present state of our knowledge, this theory must 
be held under reserved judgment. There can be no doubt that in reference to 
certain neurotropic viruses the nose and the olfactory pathway stand in a different 
category from most other sense modalities and other parts of the body. The 
reason is as yet obscure, and further studies in anatomy as well as pathology are 
necessary. 

The findings in the guinea pig may be compared with the results 
obtained by Sabin and Olitsky (4) in young mice, which alone were 
found susceptible to peripheral injection. According to these authors, 
the rirus may occasionally invade the central nervous system along 
the local peripheral nerves. More often, they believe, -rirus trans- 
ported by the blood invades by means of the olfactory or auditory 
pathways, or possibly along the seventh ner\'e. “No eridence was 

found of a direct passage of virus across the blood vessels of the 
brain” (9), 

In the guinea pig, occasional animals show primar}’ involvement of 
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the olfactor}^ pathway, and there is no way to rule out a prior deposi- 
tion of virus on olfactory mucosa. But in no other case was tlaerc 
evidence of spread via tlie peripheral nerves; diat is, in no otlier case 
were the primary receptive nuclei involved. The cases of spread 
along the optic nerve are not exceptions, since tlie optic nerve is 
not a peripheral nerve at all. With the possible exception of tlie ol- 
factory nerve, the virus seems to have attacked the central ncr\’’ous 
system directly, without the intermediation of tlie peripheral nerves. 
This attaclv is considered to take place by passage across tlie blood 
vessels of the brain. 


SUMMARY 

After inoculation with equine encephalontyelitis \drus b}* various 
routes, guinea pigs were sacrificed at early stages, before snnptonis were 
apparent. The brains were studied histologicall}’-, with serial sec- 
tions; all lesions were noted, and subjected to topographical analysis. 
Nine cases are presented in detail. 

With an)’’ given mode of inoculation tlie distribution of lesions 
varied very widely from one instance to another. In some cases, 
affected regions bore a striking and definite anatomical relationship 
to eacli other. These distributions can be c.\plaincd only by the 
assumption that the anatomical pathways played some rOle in the 
spread of the virus. In other instances lesions were present in areas, 
the anatomical connections of whicli were entirely nonn.al. Atten- 
tion is called to the frequency of lesions in the iieocortcx, with intact 
subcortical centers. Such distribution is held to render ncree spread 
extremely improbable. The only satisfactory explanation of such 
random distributions is by direct passage of virus from the blood 
stream into the brain tissue. There is no histological difference 
between lesions which result from blood spread and those resulting 
from ner%’e spread. 


CONCLUSIONS 

In the guinea pig, the virus of Eastern equine encephalomyelitis, 
injected peripherally, invades the blood stream and p.asscs directly 
from the blood stream into the brain. This seems to be the j)rinci[)al. 
though not necessarily the exclusiv'c, mode of pathogenesis. Once in 



LESTER S. KING 


689 


the nervous system the further spread of the virus may occasionally 
be determined by anatomical connections. 
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EXPLANATION OF PLATE 40 

Figs. 1 and 2. Two typical lesions, from guinea pig 1. Thionin. Fig. 1, 
X 43. Fig. 2, X 65. 
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In the preceding paper (1) it was shown that a recently isolated strain 
of equine encephalomyelitis virus, w’hen injected into the eye, some- 
times spread along the optic pathways. This type of spread was, 
however, inconstant. But with a fixed strain of virus (2, 3) an en- 
tirely constant behavior was observed which was capable of system- 
atic study. 

For the study of virus activity ■svdthin the central nervous system, 
inoculation into the eyeball presents certain great advantages due to 
the anatomical peculiarities of this organ, which make it the most 
readily accessible portion of the central nervous system. 

Anatomy. — ^In general, the peripheral and central nervous systems difier 
fundamentally in the t>'pe of accompanying stroma. Within the brain or spinal 
cord there are glial cells -which form the supportive tissue, but no true connective 
tissue stroma. Small quantities of connective tissue accompany the blood ves- 
sels but are shut off from the true nerve parenchjma by the pia-glial membrane. 
On the other hand, in the cranial or spinal ner\-es, including the sensory ganglia, 
there is a rich stroma of fibroblasts and associated cells, collagen, and reticulin, 
wlh a true hmphatic system. The junction between the central and the pe- 
ripheral portions of the craniospinal nerves has recently been well described by 
Tarlov (4). The importance of this stroma in relation to certain problems of the 
so called hemato-encephalic barrier has been emphasized in recent pubh'cations 
(5, 6). 

The optic nerve is not a peripheral nerr-c at all, in the sense applied to the T-agus, 
h\-poglossal, or any of the spinal nen,-es, for c.xample. Instead, the optic ner\-e is 
cmbr>-ologically and anatomically a tract of the brain substance proper, having 
all the characteristics of the central nerv’ous s\-stem. 
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It is well known, of course, that the optic patliway in the lower vertebrates is 
chiefly though not entirely crossed, tlie decussation taking place in the optic 
chiasm. The principal connections of the right eye, for e.xaniple, are with the 
left lateral geniculate body, and pretectal nucleus of the tlialamus, and tlie left 
superior colliculus. The converse obtains with the left eye. From the lateral 
geniculate body a projection tract goes to tlie striate corte-t of tlie same side. 

Method . — In the experiments herein reported, a 27 gauge needle was inserted 
from the inner canthus of the eye directly through the sclera into the posterior 
chamber of the eye. Passage through the anterior chamber was avoided. The 
injection mass (0.03 to 0.05 cc.) was placed in contact with the ganglion cells of 
the retina and the overlying fibers of the optic ner\'e. 

The virus was thus placed in the vitreous humor, in contact with the cells 
and fibers of the central nervous S 3 ^stem with essentialh’ no trauma to the latter. 

Strains of Virus . — For the most part a strain of Eastern equine encephalomye- 
litis virus that had been modified b}"^ serial intracerebral passage in pigeons was 
employed. This strain was developed bj' Traub and TenBrocck (2), and has 
been further studied in detail bj' Traub (3). In tlie present experiments the 
112th to 117th pigeon passages were utilized. In addition certain comparative 
c\-periments were carried out with an unmodified strain of the Eastern virus, 
isolated from a horse in 1937, of which the 2nd to 5th intracerebral guinea pig 
passages were utilized. All titer figures refer to tenfold dilutions of a 10 per cent 
suspension of pigeon (or guinea pig) brain, which is designated as 10" dilution. 

Scusilivity of the Intraocular Route 

To determine tlie relative sensitivity of the intraocular as compared 
wdtli the direct intracerebral route, comparative titrations were per- 
formed using the same amount of inoculum for eacli route. Both the 
fixed strain and the unmodified strain were used. The results of two 
sucli titrations are given in Table I. In some e.xpcrimcnts fatalities 
have resulted from a 10“" dilution of the fixed strain, and as high 
as 10~" of the unmodified strain, injected intraocularly. 

With the fixed strain there is a definite difference between the intra- 
ocular and the sub- or intracutancous routes. Traub (3) and Tcn- 
Brocck and Traub (2) have already found that guinea pigs arc quite 
insusceptible to subcutaneous inoculation, and the present work 
fullv confirms their results. With the dosage used (0.05 cc.) the un- 
diluted virus suspension regularly failed to produce encephalitis fol- 
lowing an intracutancous injection, although the intracerebral titer 
was 10-* or 10-’ (with the s.amc dosage). 

With the unmodified virus, on the other liand, repeated exp'^i- 
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ments with the same quantity of inoculum did not reveal any signifi- 
cant difference between the intraocular and intracutaneous routes of 
administration. 

With the fixed virus, it is clear that the susceptibility of the guinea 
pig to intraocular inoculation is midway between the intra- or subcu- 
taneous and the intracerebral routes. This difference does not ob- 
tain with the unmodified virus. 

TABLE I 


Tilralion of Intraocular and Intracerebral Inoculations in Guinea Pigs 


DHutiott 

Fixed strain fpigeon passage) 

UnffiodiSed strain 

Intraocxilar 

inoculation 

Intracerebral 

inoculation 

Intraocular 

inoculation 

Intracerebral 

inoculation 

io-« 

N.T. 

N.T. 

0,0 

0,0 

lO'J 

( C 

2,0,0 


5, 9,0 

10-' 

It 

3,0,0 


3,4,6 

to-® 

tt 

2,3,3 


3,3,4 

10-< 

0,0,0 

2,2 

N.T. 

N.T. 

10-‘ 

0,0,0 

N.T. 

<1 

l( 

10-» 

3,4,0 

<< 

<( 

1 1 

10-1 

3, 3,5 

<< 

tt 

tt 


N.T. = not tested. 

0 = guinea pig survived. 

2, 3, 4 = guinea pig died in 2, 3, or 4 days after the inocuktion. 


Aclion of the Virus within the Eyeball 

\\Ticn a 10-1 dilution of the fixed virus is injected into the eye, 
the animal invariably dies, usually from 72 to 96 hours after the in- 
jection. With this mode of inoculation it is easy to determine the 
minimum length of time the \irus must act in order to produce a fatal 
infection. In a series of experiments the injected eyeball was surg- 
ically removed under deep ether anesthesia at different inten^als fol- 
lowing the inoculation. The eyeball can casUy be removed intact, 
hemorrhage is negligible, and the animal always makes an uneventful 
recover}'. A small quantity of pus may occasionally form in the eye 
Eocl:ct but never causes s\Tnptoms of any sort. 

The results of three sudi extirpation experiments following the 
injection of fuced drus arc given in Table U. It is seen that when the 
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eye was removed in less than 6 hours, only 2 out of 17 animals died. 
When removal was performed 10 to 13 hours after inoculation, S out 
of 14 succumbed. All controls died. The period of 10 to 13 hours 
seems to be the average minimum time in whicli tlie virus must act 
within the eyeball in order to produce a fatal infection. 


TABLE n 

Guinea Pig Survival after Removal of Eyeball at Different Intervals after Injection 

with Fixed Strain of Virus 


Experiment 

No. 

Inoculated eye removed after 

Controls 

1 hr. 

3 hrs. 

6 hrs. 

10 hrs. 

13 hrs. j 

1 


0,0* 

■Rl 

.3,3 


1 

3,3 

2 


0, 0,0 


3, 3,0 


.3,6 

3 


N.T. 

■GB 

3, 0, 0* 


3,3 


* In subsequent tests of immunity to intracerebral inoculation of 3 X ICf* to 
10^ minimal lethal doses, the starred animals survived. Those not starred were 
not immune. 


Other abbreviations as in Table I. 


TABLE no 

Identical Procedure 'vith Unmodified Strain 


Experi- 

ment 

No. 

Eye removed after 

Control 

l^hr. 

Ihr. 

3 hrs. 

1 

6,8 

5,0 

4,S 

.3,0 

2 

5,0 

4,5 

1 5, 6 

4,0* 

3 

4,0 

5,6 

1 0,0 

4, 5, 5 


*This animal showed marked signs of encephalitis, but recovered. Later 


histological c.xamination showed healing encephalitis. 
Survivors were not tested for immunity. 


In the foregoing experiments the survivors were tested for immunity by the 
intracerebral injection of 0.1 cc. of a 10“* dilution of virus, whose virulence I>> 
intracerebral tests in mice was constantly 10‘® or 10”'. '1 he animals that sur- 
vived the immunity test arc designated by a star in Table TI. There is no con- 
stancy in the induction of immunit}'. One animal whose eye was removed 1 
hour after inoculation was immune. Other animals, with removal after 1.5 hour ., 
were not immune. The reasons for this \-ariability are not clear. 
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Extirpation experiments were also carried out with the unmodified 
strain, as shown in Table lie. The fairty definite time interval re- 
quired with the fixed strain is not necessary for the fresh virus. This 
property is undoubtedly correlated with the relative abilities of the 
two strains to invade the blood stream. The unmodified strain is 
readily found in the blood stream, but the fixed strain is recovered 
only rarely, or not at all (3). 

Course of the Virus after Inoculation into the Eye 

It was desirable to try to trace the course of the virus by exa minin g 
different portions of the brain for virus content at different intervals 
of time after inoculation. 

For this purpose 6 animak were inoculated into the right eye and sacrificed at 
different periods of time. The brains were removed aseptically and subdivided 
in accordance vath the known optic pathways. The method of sectioning the 
brain was as follows: The cerebellum, medulla, and inferior colliculi were first 
cut off and discarded. With the brain ventral surface upward, gentle traction was 
applied to the optic chiasm, resulting in separation of the optic tracts from the 
underlying tissue. The chiasm and tracts were then cut away. The brain was 
turned dorsal side upward, and with small sharp scissors the lateral ventricle was 
entered from the medial surface of the hemisphere. The posterior neocortex 
of one side was then cut away, following the line of the rhinal fissure ventrally. 
The portion so removed included the entire area striata, and portions of the tem- 
poral, parietal, and occipital areas. It is impwssible to differentiate these areas 
macroscopically. The procedure was repeated for the opposite side. Then the 
corpus callosum was cut through, and the two hippocampi and the hippocampal 
commissure gently peeled forward, C-xposing the thalamus and superior colliculi. 
The thalamus was separated from the hemispheres by incisions along the striae 
Icrminalcs. The thalamus and raidbrain were then diwded in the midline, and 
each half used separately. The efitire olfactorj- portion of the brain, together 
with the basal ganglia and anterior neocorte.x, was left and utilized as a single 
portion. Throughout the dissection special care was taken to avoid contamina- 
tion of one part by another. 

This method of division gave 6 portions of the brain to be tested: the optic 
chiasm and tracts; the right thabmus plus superior colliculus; the left thalamus 
plus superior colliculus; the right and the left posterior neocortex; and the re- 
mainder of Uie hemispheres. The chiasm was ground up in 0.5 cc. of saline; the 
other portions were also ground in saline in approximately 10 per cent dilution. 
After light centrifugation, the supernatant fluid ssas injected intracerebrally into 
3 to 4 v.ecV: old mice, the dose being 0.05 cc. 
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The optic pathway was thus divided into three successive neurones: the optic 
chiasm and tracts, constituted by the axones of the ganglion cells of the retina; 
the lateral geniculate body and superior colliculus, where the optic tract ter- 
minates; and the visual corte-v, which receives fibers from the lateral geniculate 
body. The thalamus and neocortex were tested bilaterally. 

The results of this experiment are recorded in Table III. A minute 
trace of virus was detected in the contralateral geniculate body 
(and midbrain) 13 hours after the injection, although the optic cliiasm 
did not show virus. At 24 hours there was abundant virus in the 
optic chiasm and the contralateral geniculate body and midbrain, 
but nowhere else. At 36 hours virus was present not only in these 


TABLE ni 

Spread of Fixed Virus after htocuialion into the Right Eye. 

Virus Content of Brain Portions, Tested by Intracerebral Inoculation into Mice 


Guinea 

pig 

Time of 
sacrifice 

Optic 

chiasm 

Left 

geniculate 

and 

nudbrain 

Left 

occipital 

cortex 

Right 

geniculate 

and 

midbrain 

Right 

occipital 

cortex 

Remainder 
of brain 

1 

Itrs, 

10 

0, 0, X 


0, 0,0 


0, 0,0 

0, 0,0 

2 

13 

0, 0,0 




0, 0,0 

0,0,0 

3 

24 

3, 3,4 




0, 0,0 

0, 0,0 

4 

36 

2, 2,3 

2, 2,3 



0, 0,0 

0, 0,0 

5 

48 

2, 2,2 

2, 2,2 

2, 2,3 

3,4,5 1 

2,4,0 

2, 4, 4 


X = death occurred within a few hours of the inoculation, and was not due to 
virus action. 


two regions, but also in the visual cortex of the contralateral side; 
other portions of the brain were still xurus-free. At 48 hours, liow- 
ever, xdrus was widely disseminated throughout the entire brain. 

The results of this experiment are entirely consistent with the view 
that the virus, inoculated into the eye, spread along the optic pathway 
to the thalamic centers (and midbrain), and from the thalamus 
progressed by the projection path to the cortc.x. These arc the re- 
gions whicli first contain virus. The contralateral optic pathway 
was predominantly affected, since in the guinea pig the great majority 
of the optic fibers decussate. 

To study further the time relationships involved, the foregoing 
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experiment was repeated, but only the optic cMasm and the left 
thalamus and midbrain were tested for virus content. Again inocu- 
lation was into the right eye. The results are given in Table IV. 
Again minute quantities of virus were detectable as early as 12 and 
17 hours after inoculation, but significant quantities were first pres- 
ent at 20 to 24 hours. An important feature to be noted is the pres- 


TABLE IV 


Relation between Virus Content of Optic Chiasm and Tracts and of the Secondary 
Optic Centers, Following Inoculation into the Right Eye. 

Tested by Intracerebral Inoculation into Mice 


Time 

Ezpenmest 

No. 

Gmnei pig 

Optic dimsm 

Left genlcoUte acd 
rudbrsin 

hrs. 





12 

2 

1 

0,0,0 

12, 0, 0 

14 

1 

2 

0,0,0 

0,0,0 


2 

3 

0,0,0 

0, 0, 0 



4 

0,0,0 

0,0,0 

17 

1 

5 

8,0,0 

0,0,0 


2 

0 

0,0,0 

0,0,0 



7 

0,0,0 

0,0,0 

20 

1 

8 

0,0,0 

0,0,0 


2 

9 

2,3,0 

0,0,0 



10 

0,0,0 

0,0,0 

24 

1 

11 

2,2,1 

2,3,4 


2 

12 

0,0,0 

0,0,0 



13 

2,2,0 

0,0, X 


cncc of \4rus in fairly large quantities in the optic chiasm and tracts 
before virus was apparent in the thalamus or midbrain (guinea pigs 
9 and 13). 


Pathology 

Tlic hislopatholog}- of the brain after infection with the fixed strain 
of virus has been found by Traub (3) to be substantial!}’ the same 
as \ritli the unmodified \drus. The first paper of this series (7) has 
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described in considerable detail the pathology of the natural virus 
disease in the guinea pig. Further study with the fixed strain reveals 
certain differences. After intracerebral inoculation the inflammator}’’ 
reaction is vastly more pronounced, and the hippocampal degeneration 
is much more slight than after similar inoculation with the natural 
virus. The intensity of the inflammator}'^ reaction is especially sur- 
prising in view of the considerably shorter duration of tlie disease 
(generally 2 to 3 days rather than 3 to 5). 

In the present study, however, there are three principal points of 
interest in the pathology: the reaction occurring within the eye, the 
nature of the first lesions to appear within the brain, and tlie dis- 
tribution of these lesions. 

Intraocular Pathology . — Sections of eyes removed at different intervals, cut 
serially at 7 microns with short ribbons mounted everj^ 50 sections, showed the 
development of the process. At about 13 hours there is a very slight re.'iction 
consisting of serum exudation, and a few mononuclear cells within the eyeball. 
In the connective tissue coats of the eye there may be numerous polymorphonu- 
clear leucocytes. Within the eyeball, however, in uncomplicated cases, there is 
surprisingly little pathological change, even when the eye is removed at the 
death of the animal. A few leucocytes are present in the vitreous humor, and 
occasionally scattered leucocytes penetrate the outer layers of the retina. But 
there is no necrosis of tissue, and none of the focal reaction that is so prominent in 
the brain substance elsewhere following intraocular injection. 

Sometimes there is a pronounced accumulation of polymorphonuclear leu- 
cocytes within the eyeball, and then the invasion of the surface of the retina by 
leucocytes is more intense, and necrotic ganglion cells may rarely be seen. 'I’his, 
however, is an entirely non-specific reaction. This histological picture has been 
duplicated by injection of normal brain emulsion diluted to the same degree as the 
virus suspensions used. Furthermore, when large numbers of leucocytes arc 
present, intracellular bacteria may usually be seen in the exudate. Eyes tiuit 
arc sterile by bactcriologic culture always show an insignificant reaction to the 
virus (Figs. 1 and 2). 

It may be mentioned that the slight degree of intraocular contamination some- 
times becoming noticeable 24 or more hours after inoculation, has never had the 
slightest effect on the action of the virus. 

Ilaturc of the Cerebral Lesions.— In contrast to the lack of reaction in the eye. 
the histological picture in the higher optic centers is identical with that alreacl> 
described for the unmodified, natural virus. In 9 animals, sacrificed at interval, 
of from 24 to 52 hours, the entire thalamus and superior colliculus war. sectioned 
serially at 10 microns, and every 15th section examined. In 5 other ca’-e;, from 
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48 to 65 hours, the entire brain was sectioned. Hematoxylin and eosin, pHoxin 
and methylene blue, and thionin were the stains used. 

The earliest change, first found at 24 hours, is a mild perivascular reaction, 
consisting of mobilized glial cells and mononuclear leucocytes (Fig. 3). This 
speedily develops into the typical inflammatory focus already described for the 
natural strain. As early as 36 hours after inoculation the typical focus may be very 
intense (Fig. 4). The earliest lesions are always found in the contralateral 
geniculate body or superior colliculus, followed 12 to 15 hours later by s imila r 
lesions in the same centers of the side of the inoculation. The series of cas^ 
studied, therefore, has double opportuniUes for observations of early lesions, 
first on the contralateral, then on the ipsilateral side. 

Since the virus appears to spread along the nerve paths, it might 
be thought that a terminal nerve center might show neuronal necrosis 
as the first sign of disease. This is very definitely not the case. A 
closely graded series of cases supports the finding already published 
(7), that a vascular and interstitial reaction is the first sign of dis- 
turbance. These data further support the conclusion previously 
expressed (1), that there is no diflterence between lesions caused by 
blood-borne and those caused by nerve-bome virus. 

The later lesions present no new features beyond what has already 
been described (7). 

Distribution of Lesions . — The relatively crude method of gross dis- 
section of the brain and testing of each portion for virus content, 
indicated that a spread of virus along the optic pathway was likely. 
The method of topographical analysis of the lesions (1) entirely sup- 
ports the previous exddencc. As early as 24 hours after right-sided 
injection there may be definite histopathology in the left superior col- 
liculus or lateral geniculate body, rapidly growing more severe. The 
first lesions are sharply focal and rather rare, but they rapidly be- 
come more numerous and more intense until a maximum is reached 
at about 4S hours. Early lesions on the right side may be detected 
at 38 hours. At 48 hours the process has extended fairl}' widely into 
adjacent thalamic nuclei, so that large portions of this subcortical 
center arc affected. The optic chiasm and optic tracts first show 
lesions at 36 to 38 hours, which is significantly longer than the time 
required to produce injur}' at the terminus of these tracts. The basal 
meninges begin to show inflammatorj’ changes at about the same 
time as Uie optic tracts. 
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Pathologic changes in the left visual cortex are present to a vcr)' 
slight degree at 48 hours, but rapidly become more severe. At 53 
to 55 hours there may be slight changes in the right posterior neo- 
cortex, but the temporal and occipital areas are more involved than 
the striate area. 

At 48 to 53 hours there are numerous demonstrable lesions in areas 
which are functionally independent of the visual patliway. Such le- 
sions may be present in various portions of tlie olfactor}'^ patliwa}'^, 
especially the tuberculum olfactorium and the amygdala, but also the 
septum; in the basal ganglia; in scattered unrelated areas of tlic an- 
terior neocortex; in the hypothalamus, midbrain, and medulla. 

DISCUSSION 

Susceptibility to intraocular inoculation of fixed virus, as has been 
pointed out, lies intermediate between tlie intracerebral and tlic sub- 
or intracutaneous routes. The latter is fatal only witli massive doses. 
The intracerebral route is always fatal in high dilutions. The intra- 
ocular route is fatal only in low dilutions (10“- or 10““). The mccli- 
anisms involved appear to be somewhat different in the different 
methods. 

The simplest explanation would seem to be as follows. Virus in- 
troduced into the eye infects the superficial ganglion cells of tlic retina. 
Once tlie cell body is infected, the entire neurone speedily becomes 
involved. That is, the virus tlicn infects the cell processes making 
up the optic nerve. In the case of intraocular injection tliis takes 
place entirely within tlie central nervous system. 

Sucli a spread of virus is quite different from that following a 
peripheral inoculation; with \nrus injected, say, into the tliigli, any 
possible passage up the local nerv^e must infect the terminus of the 
ner\m first, with subsequent passage toward the cell body. Tlic 
entire metabolism of the neurone is controlled by the cell body. 
Passage of virus away from the cell body (centrifugal spread) seems 
to be in a different category from centripetal spread, at least, so far 
as this virus is concerned. The mechanism by which the virus, once 
it has infected the cell body, can “travel” along the axonc, still remains 
completely unexplained. The multiplication of viais occurs with cx- 
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traordinary rapidity, and over a significant distance. Any attempted 
explanation at present would be sheer speculation. 

The time interval of 10 to 13 hours required for virus to act within 
the eye is capable of different interpretations. This interval may 
represent the time required for the virus to work its way into the 
cell and begin its action. Or, it may include the time actually neces- 
sary for the virus to pass the length of the optic nerve and tract, and 
reach the geniculate body. There are no grounds as yet for a definite 
decision. 

In Table II, Experiment 1, one guinea pig died although the eye 
was removed after an hour. This instance is similar to the behavior 
of the natural \drus (Table 11 a) and may be an indication that in 
rare instances the fixed virus may act like the u n modified strain. 

Some of the other animals whose eyes were removed and which 
yet survived, were immune to subsequent intracerebral inoculation. 
Undoubtedly a small amount of the virus escaped into the blood 
stream, not enough to produce fatal infection, but sufficient to im- 
munize. 

There are certain points of interest in the histological studies. 
Within the eye there is a negligible reaction although there the virus 
acts first and longest. On the other hand, elsewhere in the central 
nervous system the histological reaction is typical and in complete 
accordance with the descriptions previously given. This behavior of 
the eye appears strictly comparable to the beha\nor of brain tissue 
toward intracerebral inoculation. In the latter case, the site of in- 
jection of the virus shows merely a non-specific reaction to injury, 
although elsewhere in the brain there is well marked encephalitis. 
Furthermore, in another connection, guinea pigs have been infected 
by injection of ^^^us into the cistern, so that the inoculum directly 
entered the cerebrospinal fluid. Here too the contact of virus and 
brain tissue caused only a mild and completely insignificant reaction. 
Characteristic pathology-, found within the parenchjma, was not 
present at the surface of the brain in contact with the virus. 

Experimental juxtaposition of virus and nerx’c tissue does not call 
forth the same reaction produced by the xdrus after its natural mode 
of spread. An analogy- may be drawn with the data of xdtal staining 
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where trypan blue, for example, placed in direct contact with tlie 
brain, acts entirely differently from the same dye brought to the brain 
by the blood stream. These facts, and their relation to the “blood- 
brain barrier,” are elsewhere discussed (6). 

SUMMARY 

The behavior of a fixed strain of Eastern equine encephalom 5 ^clitis 
virus was studied in guinea pigs after intraocular inoculation. Sucli 
inoculation concerns the central and not tlie peripheral nervous 
system. 

The susceptibility to intraocular injection lies midway between tlic 
highly virulent intracerebral and tlie quite avirulent peripheral routes. 
The virus must act for 10 to 13 hours in order to induce a fatal infec- 
tion. Removal of the inoculated eyeball before tliis interval almost 
always prevents fatality although it may allow immunity to develop. 
The virus, at suitable intervals after injection into the eye, may be 
recovered from successive and appropriate optic centers before it is 
demonstrable in non-optic portions. Approximately 24 hours are 
required for the virus to reacli a significant concentration in the con- 
tralateral geniculate body, 36 hours in the contralateral visual cortex. 
Significant amounts of virus ma)' be present in the optic chiasm and 
tract prior to involvement of the higher centers. 

Virus placed in contact with the retina produces an insignificant, 
essentially non-specific reaction comparable to that produced at the 
site of direct intracerebral inoculation. In the retina there is no 
ganglion cell necrosis unless there is a complicating intraocular infec- 
tion. In the cerebral \dsual centers the first reaction is inflammator)' 
and interstitial, and may appear in the lateral geniculate body as 
early as 24 hours after injection. Neuronal necrosis is not the 
primarj' action of the virus on the nervous system in these experi- 
ments. The distribution of lesions in the brain is in excellent agree- 
ment with the method of direct testing for virus content, and is far 
more accurate than the latter. 

The vims in its primar>' distribution through the nervous system 
follows the nerve pathways of the optic system. This occurs v.illiin 
the central ncrv'ous system, where presumably there is first an in- 
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volvement of the nerve cell body and then a spread along the cell 
process or axone. 
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EXPLANATION OF PLATE 41 

Figs. 1 and 2. Retina of injected eye of guinea pig. Eye removed at death, 
66 hours after inoculation. In Fig. 1 are a few leucocytes on the surface of the 
retina; in Fig. 2, within its substance. The ganglion cells, as well as other ele- 
ments, are intact. Phloxin-methylene blue. X 152. 

Fig. 3. Lateral geniculate body, contralateral to tlie injected eye. 24 hours 
after inoculation. The area indicated by the arrows shows a sparse infiltration 
witli leucocytes and blood mononuclears, and some glial proliferation, all in rela- 
tion to the blood vessel. There is no ganglion cell necrosis. Hcmatoxylin-cosin. 
X 152. 

Fig. 4. Superior colliculus, contralateral to the injected eye. 36 hours after 
inoculation. There is a verj" intense, circumscribed focus consisting ciiiefly of 
poljanorphonuclcar leucocytes. Apart from the inflammatory’ area, there is no 
neuronal necrosis. Hematoxylin-cosin. X 56. 
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For the purpose of stud)nng the serological behavior of synthetic 
substances of somewhat complex structure, which at the same time 
bear a relation to natural antigens, we have proceeded to investigate 
immune sera to azoproteins made from longer peptide chains than 
before (1, 2), that is, pentapeptides; the latter again were built up 
from glycine and d,Heucine. Since in previous studies the terminal 
amino acid, with free carboxyl group, dominated to a considerable 
extent in the serological reactivity, peptide amides have now been 
included in order to eliminate the prominent influence of acid 
groups and to get information on the rdle played by other parts of 
the molecule in the reactions with immune bodies. The peptides 
used for the preparation of azo antigens w'ere tetraglycyl-glycine, 
tetraglycyl-leucine, d,/-diglycyl-leucyl-glycyl-glycine and trileucyl- 
glycyl-glycine.^ 

EXPERIMENTAL 

The preparation of a number of the substances used has been described pre- 
viously (1, 2). With some of these compounds, namely the first four mentioned 
below, more convenient methods have now been utilized. Melting points were 
not corrected and mostly no attempt was made to reciystallize to constant melt- 
ing point. 

p-F!ilrobcnzoyl-Tctrag]ycy]-d,l-Lcucinc.—lA gm. of ^-nitrobenzoyl-glycyl- 
glycine hydrazide (see below) were dissolved in 15 cc. 5/N HCl, 100 cc. of 50 per 
cent acetic add, and ISO cc. of water, and were converted into the azide at 0-5°C. 
by slow addition of a solution of 2.6 gm. of sodium nitrite in 10 cc. of water. After 
hour at 0-5°C. the azide was filtered off and washed with cold water until 

' These compounds arc hereafter designated respectively Gj, G,L, GjLG;, 
I.jG;, and the amides by the s>Tnbol Am. The preparation trileucyl-glycyl- 
glycinc may well be a mixture of stcric isomers although the nitrobenzoyl deriv- 
ative was crj’stallinc. (For other abbreviations see references 1, 2.) 
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free from acid. The azide was dissolved in 250 cc. of cold 85 per cent alcohol 
and the solution was added to a neutral solution of 7.4 gm. of dighxyl-d, /-leucine 
in 300 cc. of water. The mkture was stirred and 40 cc. of N/NaOH were added 
in small portions over a period of 1 hour to keep the solution slighth’ alkaline to 
Utmus. After 2 more hours the solution was made weaklj' acid to litmus and 
concentrated in vacuo at 40° to a volume of 150 cc. If the solution became alka- 
line to litmus during the distillation, it was neutralized witli HCl. After removal 
of a small amount of alkali insoluble material by filtration, the solution was made 
acid to Congo red. The sticky precipitate crj'stallized upon rubbing (needles). 
Yield 7.5 gm. It was rec^stallized from water and again from 60 volumes of 50 
per cent alcohol. Bushels of needles, m.p. unsharp with decomposition at 240°C. 
Analysis: Calculated for CaHnsOsNe: N 16.54, found 16.49. 

p-Aminohcuzoyl-Tctraglycyl-d ,l-Lcuciitc. — The nitro compound was dissolved 
in 50 volumes of 75 per cent alcohol and reduced by means of palladium black 
and hydrogen at atmospheric pressure. The solution was evaporated to dr 3 'ncss 
in vacuo and the amino compound was rccrystallizcd from 50 per cent alcohol. 
Microcrystalline. Yield 65 per cent. M.p. 165-166°C. Anal 3 -sis: Calculated 
for CiiHsoOTNe: N 17.58, found 17.50. 

p-Niirohcuzoyl-Diglycyl-d ,l-Lcucyl-Giycyl-Glycinc. — This substance was pre- 
pared b}'' the above method using 7.4 gm. of /)-nitrobcnzo 3 d-gl\'cyl-gl 3 ’cine h 3 'dra- 
zidc and 7.4 gm. of d,/-leuc 3 d-gl 3 'cyl-glycine. After completion of the reaction 
and concentration in vacuo the solution was made acid to Congo red by addition 
of HCl and kept overnight in the ice box. The crystalline precipitate (needles) 
was filtered and recr 3 ’stallized from 100 cc. of water. Yield 6 gm. hl.p. 144- 
145°C. Analysis; Calculated for CsiHjsOjNc: N 16.54, found 16.61. 

p-Aminobcnzoyl-Dislycyl-d ,1-Lcucyl-Glycyl-G!ycinc. — The nitro compound was 
reduced b 3 ’’ means of palladium and In^drogcn as described, the alcoholic solution 
was evaporated to dr 3 mcss in vacuo, the amino compound was dissolved in a small 
amount of meth 3 'l alcohol and precipitated by addition of dry ether. The pre- 
cipitate became granular upon rubbing with more dr 3 ’ ether. Yield 90 per cent. 
Analysis: Calculated for C 2 iH;o 07 N 6 : N 17.58, found 17.41. 

Esters and Amides of Nitrohenzoyl Amino Acids and Nitrobcnzoyl Peptides. 

The nitrobcnzo 3 'l compounds (1 ,2) were converted into mcth 3 'l esters 1)3’ citlicr 
dissolving or suspending the fincl 3 ’ ground substance in 5 parts of absolute methyl 
alcohol and adding in portions an ether solution of diazomcthanc at 0-5°C., using 
a slight c.xcess. I'hc mixtures were allowed to stand at room temperature and 
after removal of the solvents the substances were further purified ns dc.scril)cd 
below. The esters were changed into amides by dissolving tliem in 100 parts 
(or more) of hot absolute methyl alcohol and saturating the solutions with dry 
ammonia gas at 0-5°C. The solutions were kept in a closed llask at room tem- 
perature for 48 hours and were then evaporated to dr 3 ’ness in vacuo; the l.ist 
traces of ammonia were removed b 3 ’ again adding dr 3 ’ methyl alcoh.o! and evaporat- 
ing to dr 3 'ness. The amides were further purified by recrystalli-’-ation. 
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Reduction of Nilrolenzoyl Compounds— The. aminobenzoyl amino acid amides 
and aminobenzoyl peptide amides "were prepared by suspending the finely ground 
nitro compounds in 50 volumes of 75 per cent ethyl alcohol (some were completely 
and others only partly dissolved) and reducing by means of palladium black and 
hydrogen at atmospheric pressure. After complete reduction no undissolved 
substance was left. The solutions were filtered and evaporated to dryness itt 
vacuo. The amino compounds were further purified as described below. 

p-Nilrobenzoyl-Glyciiie Ethyl Ester.— This was prepared by nitrobenzoj'lation 
of glycine ethyl ester by the method used previously for ^-nitrobenzoyl-tjTOsine 
ethyl ester (3). The chloroform solution of the nitrobenzoyl compound was 
evaporated to dryness in vacuo and the substance was freed from nitrobenzoic 
acid by dissolving in a small amount of hot chloroform and precipitating with 5 
volumes of ether. It was recrystallized from 5 parts of absolute ethyl alcohol. 
Narrow platelets. Yield 16 gm. from 14 gm. of glycine ethyl ester hydrochloride. 
M.p. 141-143°C. Analysis: Calculated for CuHnOsNsrN 11.11, found 11.05. 

p-Nitrobenzoyl-Glycine Amide. — ^RecrystaUized from 30 parts of 80 per cent 
ethyl alcohol. Platelets. M.p. 239-240°C. Yield 80 per cent. Analysis: 
Calculated for QjHjOiNa : N 18.83, found 18.66. 

p-Aminobenzoyl-Glycine Amide. — Recrystallized from 80 parts absolute methyl 
alcohol. Platelets, hl.p. 225-226°C. Yield 70 per cent. Analysis: Calculated 
for CsHuOiNj: N 21.76, found 21.82. 

p-Nitrobenzoyl-d ,1-Leucine Methyl Ester. — Recrystallized from 20 parts of 
50 per cent ethyl alcohol. Needles. M.p. 83-84°C. Yield 72 per cent. Analy- 
sis: Calculated for C14H1SO5N2: N 9.52, found 9.48. 

p-Nitrobcnzoyl-d ,1-Leucine Amide. — Reciystallized from 25 parts of 80 per 
cent ethyl alcohol. Platelets, hl.p. 197-198°C. Yield 80 per cent. Analysis: 
Calculated for CijHijOiNj: N 15.05, found 14.86. 

p-AminobenzoyJ-d ,1-Leucine Amide. — ^Recrj'stallized from water. Platelets. 
M.p. 192-193°C. Yield 70 per cent. Analysis: Calculated for CisHjsOjNs: 
N 16.87, found 17.05. 

p-Nitrobcnzoyl-Glycyl-Glycine Methyl £s/cr.— Reciystallized from 40 parts of 
95 per cent ethyl alcohol. Platelets. M.p. 194-195'’C. Yield 90 per cent. 
Analysis: Calculated for Cj-HijOcNj: N 14.24, found 14.36. 

p-Nitrobcnzoyl-Glycyl-Glycinc Amide. — ^A solution of />-nitrobenzoyl-glycj'l- 
glycinc methyl ester in 150 parts of dr>- methyl alcohol was saturated with dr>' 
ammonia gas first at room temperature and subsequently at 0-5°C. From here 
on the general procedure was followed. Reciystallized from 120 parts of 80 per 
cent ethyl alcohol. Long needles. Upon rapid healing m.p. 257-258'C. with 
decomposition. Yield SO per cent. .Analysis: Calculated for CuHnOsNi: N 
20.0, found 19.9S. 

P-Mtrobcnzo\l-Glycyi-Clycinc Ilydrazide. — 10 gm. of finely ground /i-nitro- 
bcnroyl-glycyl-glycine methyl ester were suspended in 100 cc. of absolute ethvl 
alcohol and 20 cc. of lO-O per cent hydrazine hydrate were added. .After 'baking 
for 1 hour the mixture became very thick and the crysul form of the substance 
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had changed from tlie long platelets of the ester to hair-like needles of the hydra- 
zide. The hj'drazide was filtered off, washed witli absolute alcohol, and recrystal- 
lized from 140 parts of 30 per cent ethyl alcohol. Needles. M.p. 250-251°C. 
Yield almost quantitative. 

p-Aininohciizoyl-Glycyl-Glychic Amide. — Recrystallized from SO parts of abso- 
lute methyl alcohol. Platelets. M.p. 211-212°C. Yield 70 per cent. Analysis: 
Calculated for CUH14O3N4: N 22.40, found 22.52. 

p-Nilrobei!zoyl-GIycyl-d,l-Lcud)tc Methyl Ester. — Recrj^stallized from 50 per 
cent ethyl alcohol. Needles. M.p, 155-156°C. Yield 80 per cent. Analysis: 
Calculated for CigHoiOcNs: N 11.97, found 12.20. 

p-Nitrobcnzoyl-Glycyl-d ,l-Lciicine Amide. — Recrystallized from 10 parts of 
absolute etltyl alcohol and also from ethyl acetate containing 10 per cent alcohol. 
Irregular platelets. M.p. 17S~179°C. Analysis: Calculated for C15H10O5N4 
N 16.67, found 16.70. 

p-Aminobciizoyl-Glycyl-d ,l-Lcucinc Amide. — Recrystallized from 20 parts of 
water. Needles. Yield SO per cent. Analj'sis: Calculated for Cj5H;203N4: N 
18.30, found 18.18. 

p-Nitrobcitzoyl-Diglycyl-d,l-Lcuciuc Methyl Ester. — Rccrj’stallized from 20 
parts of 50 per cent metliyl alcohol. Needles. M.p. 177-178°C. Yield 70 
per cent. Analysis: Calculated for CJ8H24O7N4: N 13.72, found 13.67. 

p~Nitrobcuzoyl-DiglycyUd,l~Lcueii!c Amide. — Reciy'stallizcd from 20 parts of 
60 per cent ethyl alcohol. Platelets. M.p, 19S-200®C. Yield SO per cent. 
Analysis: Calculated for CnHsaOcNc: N 17.81, found 17.95. 

p-Ami)tobeiizoyl-Diglycyl-d ,l-Lcucine Amide. — The substance was dissolved 
in a small amount of absolute metliyl alcohol and precipitated from this solution 
by addition of 10 volumes of dry ether. Amorphous. Shrinks at 137°C. Yield 
SO per cent. Analysis: Calculated for Ci7Hi504N5: N 19.28, found 19.38. 

p-Nitrobcnzoyl-d ,l-Lcucyl-Glycyl-Gly cine Methyl Ester. — Rcctystallizcd from 60 
parts of 30 per cent ethyl alcohol. Platelets. M.p. 154-155°C, Yield 90 
per cent. Analysis: Calculated for CjsH»407N4: N 13.72, found 13.55. 

p-Nitrohcnzoyl-d ,l-Lcucyl-Glycyl-Glycinc Amide. — Rccrystallizcd from 40 parts 
of 95 per cent ethyl alcohol. Needles. M.p. 201°C. Yield 75 per cent. Analy- 
sis: Calculated for CnHijOcNs: N 17.81, found 17.62. 

p-Amimheiizoy!-d .l-Leucyl-Glycyl-Glycir.c Amide. — Recrystallizcd from 15 parts 
of absolute methyl alcohol. Platelets. M.p. 170-1 71°C. Yield 70 per cent. 
Analysis: Calculated for Cj7H;504N6: N 19.28, found 19.18. 

p-Nitrohcnzoyl-Tclraglycyl-d ,l-Lcucir.c Methyl Ester. — Rccrystallizcd from 30 
parts of 50 per cent ethyl alcohol. Ilair-likc needles. M.p. 243-244"C. Yield 
90 per cent. Analysis: Calcukatcd for CjiHjoOijNg; N 16. O'), found 16.05. 

p-Nitrohcnzoyl-Tetraglycyl-d ,l-Lcucir,e .4 7>:n/c.— /)-NitrobenzoyI-tctraKlycyl-f/ , 
Mcucinc methyl ester was dissolved in 300 parts of boiling dry methyl alcohol 
and the solution was saturated with dr>' ammonia gas first at room temperature 
and subsequently at O-S^C. Then the gcncr.al procedure was followed. Re- 
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crystallized from 30 parts of 50 per cent ethyl alcohol. Small needles. Yield 
85 per cent. Analysis; Calculated for CjiHisObNt: N 19.35, found 19.24. 

p-Aminohenzoyl-TelraglycyUd,l-Leucine ^4 wide.— Recrystallized from 30 parts 
of absolute methyl alcohol. No distinct crystalline form. Shrinks at 180°C. 
and melts at about 185°C. Yield 85 per cent. Analysis: Calculated for 
C 21 H 31 O 6 N 7 : N 20.54, found 20.40. 

p-NUrolenzoyl-Diglycyl-d ,l-Leucyl-Glycyl-Glycine Methyl Es/er.— Recrystallized 
from water. Rosettes of needles. Yield 75 per cent. Analysis: Calculated 
for CziHsoOgNe: N 16.09, found 15.98. 

p-Nilrolenzoyl-Biglycyl-d ,1-Leucyl-Glycyl-Glydne jlmide.— Recrystallized from 
20 parts of 50 per cent ethyl alcohol. Hair-like needles. M.p. 216-217°C. 
Yield 80 per cent. Analysis: Calculated for CnHi 30 gN 7 : N 19.35, found 19.18. 

p-Aminobenzoyl-Biglycyl-d ,l-Leucyl-Glycyl-GlycineAinide. — ^For purification the 
substance was dissolved in 15 parts of hot amyl alcohol. Amorphous sub- 
stance which separated on cooling was filtered off and washed with dry ether. 
Yield 70 per cent. Analysis: Calculated for CnHjiOeNr: N 20.54, found 20.38. 

Azodyes. — ^The dyes used for inhibition tests were prepared by couplmg the 
diazonium compounds, for hour at 0-5°C., with an equimolar quantity of 
wi-hydroxybenzoic acid in a solution kept alkaline by addition of a sh'ght excess 
of sodium carbonate. After acidification and centrifugation the dyes were 
redissolved by means of dilute NaOH and after determination of the contents of 
dye stock solutions were made up to a concentration of 1:4 millimol of dye in 
10 cc. 

Immunization. — Rabbits were injected intravenously with 5 mg. of a suspension 
of horse azostromata (4) in 2 cc. After two to four courses of 6 daily injections 
each, with rest intervals of 1 week, the animals were bled on the 7th day following 
the last injection. 

Tests. — Antigens used for the tests were made with chicken serum as described 
(2) using half as much of the diazonium compounds. The dilutions of the test 
antigens given in the tables are in terms of a 5 per cent stock solution. The 
tests were observed for 1 hour at room temperature and then kept overnight in 
the ice box. The intensity of the reactions is indicated as follows: 0, f, tr. (faint 
trace), tr. (trace), tr, (strong trace), ±, A-, -l-i-, etc. 

In the inhibition tests, the appropriate amount of the solutions had to be' 
determined by preliminary cxp>erimcnts. 

Precipitin and Absorption Tests 

The precipitin reactions of immune sera for the four pentapeptides 
arc presented in Tables I and II; they arc in keeping with those 
e.xhibitcd by sera to shorter peptide drains in that cross reactions 
occurred chiefly, but not e.xdusivcly (c.g. G,L serum Xo. 2 on Gs 
or on LG.) with peptides hadng the same amino add at the carboxx-l 
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end. The cross reactions were definitely related to similarities in 
constitution. For instance, the L3G2 immune serum gave precipita- 
tion with Gj, not with LG or GLG and the reactions of G4L immune 
serum No. 2 increased in strength in the sequence L, GL, G2L, etc. 
Or, Gs immune serum precipitated G2 but not LG and, Gs much more 
than LGj. 

The antisera for GiL Am. distinguished sharply between G4L 
Am. and G2LG2 Am. (Table 11 ) although they differ only in the 

TABLE m 

To 0.04 cc. of the 1 : 100 diluted antigens were added 0.16 cc. absorbed immune 
serum (I.S.). 

Two absorptions were carried out with Gs azostromata, using 1.4 mg. with 1 cc. 
serum. With LG2 the first absorption was made similarly, the second with half 
as much azostromata. The readings made after 15 minutes are shown in the 
first line, and those after 1 hour in the second line. 



Gi 

LGi 

Gi 

G 2 LG 2 

021.0: 1.S. No. 1 ab- 

tr. 


0 

-i-o- 
1 1 

sorbed with O5 

tr. 

+ 

0 

+-i-i 

0:L02 I.S. No. 1 ab- 

rt 

0 

+ 

++ 

sorbed with LG: 


0 


++-k 


position of the leucine residue in the chain. Furthermore, the pep- 
tides and their corresponding amides in spite of great similarity in 
structure proved to be serologically different; Gffv and G4L Am. 
showed weak, G-LG: and G:LG2 Am. marked overlapping reactions. 
In addition cross precipitations were seen among amides as noted 
for peptides, however there was little overlapping between the two 
sorts of compounds. Of particular interest are observ'ations that 
G2LG2 Am. sera react only faintly at best with LG2 Am. antigen, 
which is identical as to tlie terminal part of G-LGj Am., but do react 
(as to a l^ser extent do G-LG: sera) with G:L Am., GX Am., and GL 
Am., whicli correspond to interior portions of the homologous sub- 
stance. This is in contrast to the marked determinant influence of 
acid groups regularly encountered with free peptides, and the con- 
clusion may be drawn that amide groups, though also strongly polar 
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rise to reactions with sera for the free peptides. However, these 
possibilities are ruled out by the following experiments. A serum 
for G2LG2 Am. was adsorbed with G2LG2 azostromata, and for 
control purposes with a non-reacting antigen as well, witli tlie result 
that the antibodies which reacted with the amide were almost com- 

TABLE VI 

To 0.2 cc. of the given dilutions of stock antigen was added 1 capillarj- drop 
(in the case of G 4 L amide antigen 3 drops) of immune serum either unabsorbed 
and diluted with normal rabbit serum or after being absorbed witli G 4 L Am. 
(2 mg. stromata per 1 cc. serum; 2 hours at room temperature). The readings 
given were made after 1 hour and after the tests had stood overnight in the ice box. 


Immune serum 

GiL (No. 2 ) 

G<L antigen 

GtL Am. antigen 

0 

0 

0 

1:200 

1:400 

1:800 

1 :J 600 

0 

1:100 

0 

0 

0 

0 

0 

0 

00 

0 

0 

vs 




After absorption vith 

0 

ri: 


++± 

++± 

+ + 

0 

0 


m 



G4L amide 

! 

0 

1 

=b 

+ + 

-H-± 

++d: 

+ + 

f. tr. 

f. tr. 

f. tr. 

0 



Unabsorbed; diluted 

tr. 


-}-± 

++ i 

++ 

+ ± 


+ 



j 


3:4 in normal rab- 



+ + 

++± 

++± 

+ + 


+ ± 





bit serum 


i 











Unabsorbed; diluted 

f. tr. 

lb 

d- 

+ zt 


+ 


d- 





1:2 in normal rab- 

tr. 

=b 

+ 

H — h 

++± 

+db 


+ 





bit scrum 














plctcly exhausted by the peptide antigen (Table V). (With another 
serum only a small amount of antibodies was left behind.) This 
proves that the bulk and not only a minor portion of the antibodies 
contained in the amide scnim reacts with the free peptide. '1 hen 
in the case of G 4 L immune senim (Table VI) the reactions with 
G 4 L Am. antigen disappeared almost completely upon absorption 
with G 4 L Am. stromata, while the homologous reaction was hardly 
diminished and this, taken in conjunction wdth the persistence of the 
reaction for G4L Am. upon dilution of the unabsorbed GiT immune 
scrum, shows that in the G|L Am. antigen there is no appreciable 
amount of GjL and that the sera contain a small fraction of a special 
antibod}’ cross reacting with the amide. 
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TABLE vna 

For the inhibition tests 0.05 cc. of neutral solutions of nitrobenzoji peptides 
ivere mixed with 0.2 cc. of lioOO dilutions of the stoct chicken antigens^ and 
bomologous immune sera were then added (2 drops in the case of Gj and 3 drops 
of G4L and GzLGj); the concentrations of the inhibiting solutions (millimols 
in 10 cc.) were 1:8 for serum G4L, 1:2 for serum G2LG2, and 1:4 for serum Gs. 
The control tube contained only antigen and immune serum. 


Readings taken after 1 hour and after standing overnight. 



L 

GL 

G^, 

GjL 1 

Gs 

1 GiL 

G-LGj 

Control 

GiL I.S. (No. 4) 

-k 

++ 

-U 

tr. 

i- 

tr. 




-f-t- 

•r*k*k=t: 



Gj 

Gj 

LGs 

Gi 

Gs 

LGs 

5 

GiL 

Glut. 

! Gs 


1 Control 

G 5 I.S. 

+ 

0 

+ 

0 

0 


4" 

4- 

-k 

-k± 

-k-k 





tr. 

0 

tr. ] 

+± 

-k± 

++ 

-k-k 

-k-i — k 

G 5 LG 2 

+ 

+ 

tr. 

4* 

+ 


0 

4*=b 

4" 

-k=k 

-k-k 

I.S. 

(No. 3) 

++± 


++ 

-i-*k± 


-k-k— 

0 

-k-k-k± 

+4’4i' 

-k-k-k 



TABLE vn b 

For the inhibition tests 0.05 cc. of solutions of peptide amide azodyes (concen- 
tration 1 :33 millimol in 10 cc.) were mixed with 0.2 cc. of 1:500 dilutions of the 
stock G«L Am. chicken antigen, and 2 capillary drops of immune serum were then 
added. Readings are given after 15 minutes and 1 hour, and after standing 
overnight. 



G Am. 

L Am. 

Gi Am. 

GL 

Am. 

GiL 

Am. 


I GtL 
An. 

GiLGj 

Am. 



G 4 L amide I.S. 

1 

-ki 

4- 

4"^ 


O; 

-k± 1 

1 

0 

-ki 

-k 

-ki 


+-k 

4'db: 

-k-k 

d- 


4 - 4 - 1 

tr. 

4-4- 1 

^ 0 - 

-k-k 


4“4‘i 

4.0.0. 

j . i — 

i • ' — 

4 .^ 

d-i' 

+ 4-i: 

tr. 

-k-ki 

-k-k= 

j-k-ki 


Inhibition Tests 


Inhibition tests were carried out with nitrobenaoylated peptides;* 
peptide amides because of their poor solubility were converted into 

= Positive inhibition reactions were abo obtained with higher concentrations 
of non-acs latcd GrLG;. The compounds Gj, LjGj, G.L, NOrbenzoyl LjG- could 
not be tested because of insuEident solubility. 




























716 


SEROLOGICAL SPECIFICITY OF PEPTIDES. Ill 


easily soluble azodyes by diazotizing the aminobenzoyl derivatives 
and coupling to w-hydroxybenzoic acid. Results are presented in 
Tables VII a and VII h. WTien it is taken into account that only 
those substances are included which in the form of azoproteins gave 
positive precipitin reactions with the sera in question, these tests are 

TABLE vni 

For the inhibition tests neutral solutions of nitrobenzoyl peptides were mixed 
with 0.2 cc. of 1 : 500 dilutions of the heterologous antigens before addition of the 
immune sera. In the case of G 4 L serum, 0.05 cc. of solutions containing 1:S 
miUimol of the peptides in 10 cc. were tested, with G 2 LG 2 serum, 0.1 cc. of solu- 
tions containing 1:12 millimol in 10 cc. 2 drops were used of G 4 L and 3 drops of 
G 2 LG 2 immune sera. 


Readings taken after 1 hour and after standing overnight. 


1 

i 

L 

GL 

G4L 

Gs 

I GjL 

1 Control 

G 4 L I.S. No. 3 on G 2 L 

+ 


tr. 

-f-i 

0 

-hi: 

antigen 

++ 

± 

1 

dr 

1 


tr. 
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GsL 

1 

LG: 

Gi 

G:LG: 

LG« 

Control 

G2LG2 I.S. No. 4 on 

+ 

db 

+ 


dz 

0 


+ 

G2 antigen 


+ 

! -f± 

+ 

+ 


-h 

+ ± 


rather strikingl}'" specific for the homologous haptens. The distinction 
between the sera G5 and G2LG2 differing in only one amino acid, may 
be mentioned and, again, the shading off of the reactions of sera G4I-, 
in the order G4L, GjL, G2L, GL, and L (Table VII a). The amide 
azodyes did not inhibit the reactions of the peptide immune sera 
but showed sharply specific inhibitions with the homologous amide 
sera (Table \TI h). A definite reaction was also seen with G;LG: 
Am. scrum and G2LG: used either as nitrobenzoyl derivative or 
as azodye. 

The inhibition method proved to be of adv'antagc for characterizing 
the nature of antibodies operative in the cross precipitin reactions 
with heterologous antigens. 
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From such experiments in part presented for illustration (Table 
VIII), it appears that also those antibodies that produce precipitation 
with heterologous antigens are specifically related to the homologous 
substance in its entirety (page 713), that is to the one which served 
as determinant in the formation of the antibodies. When, therefore, 
one antigen is precipitated by several different immune sera, it can 
be shown by inhibition tests that the antibodies concerned are dif- 
ferent, as in the instances given in Table EX. 

TABLE DC 

The procedure for the inhibition tests was that described in Table VII o; 
the concentrations of the inhibiting solutions were (as millimols in 10 cc.) 1:2, 
1:8, and 1 : 16 as employed respectively with the three immune sera listed. 2 drops 
each were used of Gs and GjLGj, and 3 drops of G3 immune sera. 

The readings presented were made after 15 minutes, 1 hour, and after standing 
overnight. 



Gj 

Gi 

GjLGj 

Control 

G 3 1.S. on G 3 antigen 

0 

ll: 

d- 

++ 


{. tr. 


d- 

d— }-± 


f.tr. 

tr. 

+± 


Gs I.S. on G 3 antigen 1 

U. 

0 

+ 



& ' 

tx. 

+± 

++ 


+ 

=b 

+ + 

++± 

GjLGs I.S. No. 2 on 

tr. 

tr. 

0 

-1- 

Gs antigen 

if* 


0 



& 

± 

0 

-}-± 


COMMENT 

The four pcntapcptides examined, although all contained only 
glycyl and Icucyl residues, were distinct in their precipitin reactions 
when tested with various antigens; and replacement of even one of five 
glycines by leucine resulted in a noticeable alteration in serological 
properties. A pronounced serological change was brought about by 
the conversion of peptides into amides, and a similar modification 
was observed upon esterification of peptides (6). 

The specificity of the sera was more conspicuous in inhibition than 
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in precipitin tests. The two kinds of reactions cannot readhy be 
compared quantitatively, yet the apparently greater specificity of 
inhibition tests may be explained by the consideration that in inhibi- 
tion reactions there is a competition between the weak afiinity of the 
immune sera for heterologous haptens and the strong affinity to the 
homologous antigen, while in precipitin reactions there is present only 
one reacting substance and, moreover, precipitins of low activity can 
be aided and carried down in the precipitate by more potent anti- 
bodies (Heidelberger).® 

From the absorption experiments described above one can conclude 
that the specificity of antibodies engendered by pentapeptides may 
be directed towards the molecule as a whole. In agreement with 
this, greater or at least equal inhibition of cross reactions was pro- 
duced by the haptens homologous to the immune sera in comparison 
with those corresponding to the heterologous antigens tested (4). 
No evidence was found to demonstrate the formation of separate 
antibodies to several parts of the peptide structure, as had been 
observed with some other compounds in which highly determinant 
acid groups were linked to, and separated by a benzene ring (8). The 
difference in constitution between compounds of this sort and — CO — 
NH — chains may possibly be the reason for the disparity in the 
character of the antibodies formed. While thus it appears that anti- 
bodies may be formed which are specific for peptide chains consisting 
of five amino acid residues, it will be one of tlic next tasks to investi- 
gate, with the use of higher pol}q)eptides, how large a structure in its 
entirety may be reflected in the configuration of antibodies, a question 
of considerable significance for the serological specificity of proteins. 

The overlapping reactions of the peptide sera here reported were in 
general in accord with those formerly observed but a new fact emerged 
from the reactions of immune sera to a peptide amide (cliglycyl- 
leucyl-diglycyl amide), namely strong cross reactions involving not 
the end groups but other parts of the molecule, a result likewise to be 

* The lesser specificity reported for inhibition rc.ictions with very sinifilc 
compounds, e.g. substituted benzoic acids (7), m.ay be ascribnblc to tlic circum- 
stance that the “homologous” haptens did not so closely correspond to the aritigcrr. 
used in which the azodye structure probably plays a greater part in determining 
the reactivity than in the more complicated instances. 
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considered in protein reactions. These sera, unlike those for the 
corresponding free peptide, gave no or only weak overlapping reactions 
with peptide amides identical in their terminal groups with the 
homologous substance. It would seem, therefore, that the serological 
predominence of carboxyl groups (see also Goebel, 9) is suppressed by 
conversion into amides and that there is a definite difference in the 
serological significance of strongly polar amides and of dissociating 
acid groups. This may suggest that the combinations occurring in 
antigen-antibody reactions are not all of the same kind. 

SUMMARY 

Experiments are described dealing with immune sera to pentapep- 
tides and peptide amides. Absorption and inhibition tests gave no 
indication of the presence in the immune sera of special antibodies 
for portions of a peptide molecule but the antibodies appeared to be 
specific for an entire pentapeptide even though the sera contained 
qualitatively different fractions. Marked disparity was found be- 
tween the reactions of peptides and corresponding amides indicating 
differences between acid and other polar groups in their influence on 
serological specificity. 
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G. S. WARAICH, M.D., akd G. H. I\'HIPPLE, M.D. 

{From the Department of Pathology, The University of Rochester School of Medicine 
and Dentistry, Rochester, New York) 

(Received for publication, January 13, 1939) 

When one studies the production of plasma protein or hemoglobin 
or any other body protein inevitably there follows a consideration of 
the building stones of such protein. One always cherishes the hope 
(perhaps the illusion) that some key amino acid or group of amino 
acids may be found. A good many amino acids can influence the 
building of hemoglobin under uniform conditions in experimental 
anemia (13) but no one acid or small group of amino acids as yet 
appears to stand out above all others in this reaction. It appears 
that cystine in the experiments below nearly qualifies as a key amino 
acid in the complicated metabolic reaction which must be responsible 
for the construction of plasma protein in the depleted dog. Cystine 
alone as a supplement to gelatin does not render this incomplete pro- 
tein a potent factor in plasma protein building. Cystine plus tjTosine 
or tryptophane as a supplement to gelatin makes this mixture as 
potent as beef scrum itself for the building of new plasma protein in 
the hypoprotcinemic dog. 

This paper continues the study of blood plasma protein production 
in dogs as influenced by various amino acids alone or as supplements 
to the incomplete protein gelatin. Plasma prokin production is 
measured by the determination of the protein removed by daily 
plasmaphereses (removal of whole blood by vein puncture and return 
of washed red cells suspended in a saline solution). Many factors 
which influence plasma protein regeneration have been discussed and 
the related data published in pre^ious reports (3, 9, 7, 6, 5). 
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Methods 

The procedures used in obtaining the data reported here are those fully de- 
scribed or referred to in a previous communication (5). It may be repeated here 
that the gelatin used in the experiments is a white, granular gelatin (Will Cor- 
poration) containing by Kjeldahl analysis 15.1 per cent nitrogen (83.8 per cent 
protein (4)). The pure crystalline amino acids used (Eastman Kodak Company) 
are the naturally occurring types except for racemic mixtures of phenylalanine 
and of methionine. 


EXPERIMENTAL OBSERVATIONS 

The data reported in this paper have been obtained from e.xperiments with 
two dogs, one of which was observed for over a year and the other for 5 months. 
Tables 1 and 1-c, 2 and 2-a give these data for 54 consecutive weekly periods as 
recorded in dog 36-196, Tables 3 and 3-fl record 23 similar periods for dog 37-6. 
Clinical details and the exact make-up of the diets given during each period arc 
recorded in the Clinical Experimental Histories which follow. It is to be noted 
that raw pork liver was the only protein given these dogs except for the occasional 
test supplements of gelatin. 

In the process of reducing the concentration of circulating plasma 
protein in dog 36-196 from a normal level of 5.70 per cent to the 
desired low level of 3.80 to 4.00 per cent, about 49 gm. plasma protein 
were removed during the first 3 periods of plasmapheresis (Table 1). 
It is estimated that the liver basal diet fed during 2 of these 3 periods 
furnished the materials to produce 24 of the 49 gm. The remaining 
25 gm. must have come from materials (a reserve store) already present 
in the body and readily available for conversion into plasma protein. 
If we estimate the entire reserve store of plasma protein building 
material as determined by the first 7 periods, we note a total output of 
116 gm. and a basal output for the 6 periods in ■which the basal diet 
was fed of 72 gm. (disregarding the gelatin feeding). This gives about 
40 gm. as the reserve store. The size of this reserve store in any 
given dog depends largely upon the quantity and quality of dietary 
protein in the few weeks preceding plasmapheresis. 

The basal output of plasma protein is determined by averaging those 
liver basal periods which are neither high nor low on account of some 
immediately preceding test. Thus, in dog 36-196 (Tables 1 and 2), 
the average of periods 15 to 19, 22, 26, 28, 30, 33, 35, 43, 46, 48, and 
50 is 12 gm. 
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Of the 18 odd grams of protein removed above this 12 gm. basal 
output during periods 4 to 7, how much is reserve store and how much 
if any is due to the supplements of tryptophane and of gelatin plus 
tryptophane is not certain. In an earlier report (5) tryptophane 
alone produced no appreciable increase in plasma protein production 
but gelatin plus tryptophane was potent in a ratio of 3 gm. of gelatin 
protein to produce 1 gm. of plasma protein. No such potency is 
evident in this test, nor when repeated (period 10) nor when tried 
in another dog (Table 3, period 16). 

The low production evident during periods 9 to 12 is not well 
explained. The animal appeared normal but may have been affected 
by the very hot summer weather. Period 13 gives confirmation of 
the observation pre\dously reported (5) that the dog with exhausted 
reserve stores of plasma protein building material can make little if 
any new plasma protein while consuming a protein-free otherwise 
adequate diet. The one gram listed as “protein” intake (period 13) 
is probably only in part true protein suitable for utilization in nutri- 
tion. The expected fall in urinary nitrogen is noted (Table 1-a). 
It is important to note that when the liver basal diet was again fed 
in the following week (period 14) the urinary nitrogen did not return 
to the basal level nor did the plasma protein output rise to the basal 
level. It may be proper to argue that the fasting week depleted 
body protein whose repair or replacement took precedence over the 
manufacture of nevr plasma protein. 

Gelatin is lacking in tryptophane and tyrosine and is very poor in 
cystine (1). WTicn it is supplemented with these three amino acids, 
as in period 20, the whole mixture becomes a potent source of materials 
for plasma protein production— slightly less than 3 gm. gelatin pro- 
tein being required to produce 1 gm. plasma protein. This combina- 
tion is practically as potent in plasma protein production as any 
substance yet examined— 2.6 gm. beef serum yielded 1 gm. plasma 
protein (9). It should be noted that often there is a carry over of 
the efTect of supplementary feeding upon plasma production into 
the week (period 21) or two following such feeding. 

It is instructive to contrast periods 6 and 10 in which there is 
gelatin plus liyptophane added to the basal diet, with periods 20 and 
23 (Table 1) in which gelatin is supplemented ndth cystine and tjTo- 
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TABLE 1 


Blood Plasma Protein Regeneration 

Gelatin Becomes Very Efficient upon Addition of Cystine, Tyrosine, and Tryptophane 
Dog 36-196. 


Period 

7 

Diet 

Protelt 

intake 

Total 

Plasmc 
1 proteit 
re- 
moved 

1 

\ Protein 
re- 
moved 

Blood plasma 
‘ Averasc 

concentration 

R.B.C. 

hema- 

tocrit, 

Plasma 

volume 

days 


for 

Total 

above 







“ aver- 



• 

7 days 

for 

basal' 


vma 

age 




7 days 



Im 





gm. 

SfJt. 


per ceil 

1 

per cent 

! CC. 


Kennel 




5.70 

1.59 

41.7 

— 

1 

Fasting 

0 

4.8 


5.68 

1 .33 

41.1 

490 

2 

Liver basal 

70 

26.4 


4.90 

1.12 

43.9 

460 

3 

Liver basal 

70 

18.0 


4.13 

0.76 

47.6 

46-1 

4 

Liver basal tryptophane, 2.0 gni. 

70 

16.6 


4.10 

0.94 

50.3 

450 

5 

Liver basal 

70 

15.7 


4.11 

1.01 

50.0 

439 

6 

Liver basal gelatin, 70 gm. + trypto- 

129 

17.8 

2.0± 

4.15 

1.02 

48.1 

474 


phane, 2.8 gm. 







441 

7 

Liver basal 

70 

16.5 


4.05 

0.97 

50.3 

8 

Liver basal 

70 

11.9 


3.95 

0.85 

51.7 

467 

9 

Liver basal 

70 

7.3 


4.03 

0.97 

53.6 

3S5 

10 

Liver basal gelatin, 70 gm. -f- trypto- 

129 

11.8 

0.0 

4.05 

0.93 

54.3 

456 


phane, 2.8 gm. 






49.7 

478 

11 

Liver basal 

70 

9.9 


3.84 

0.83 

12 

Liver basal 

70 

9.1 


4.02 

0.80 

46.2 

496 

13 

Protein-free 

1 

1.7 


3.95 1 

— 

45.4 

444 

14 

Liver basal 

70 

4.7 


3.95 

0.70 

41.7 

474 

15 

Liver basal 

70 

12.2 


4.06 

0.74 

46.5 

4M 

16 

Liver basal 

70 

10.5 


3.87 

0.79 

50.4 

447 

17 

Liver basal 

70 

10.3 


4.20 

0.74 

45.5 

> 

18 

Liver basal 

70 

14.5 


3.99 

0.84 

45.7 

424 

19 

Liver basal 

70 

10.0 


3. SI 

0.73 

47.2 

452 

20 

Liver bas.al gelatin, 70 gm. + try’pto- 

129 

25.0 

20.1 

4.15 

0.91 

47.6 

465 


phane, 2.8 gm. + cystine, 4.2 gm. -p 
tyrosine, 4.2 gm. 





O.SI 

49.2 

460 

21 

Liver basal 

70 

20.5 


3.86 

22 

Liver basal 

70 

10.6 


3.80 

0.75 

47.0 

4 IS 

23 

Liver basal -p gelatin, 70 gm. -p tyrosine, 

129 

18.1 : 

23.0 

4.0.S 

0.91 

45.6 

•u I 


4.2 gm. -p cystine, 4.2 gm. 




4.15 


1 

49.4 1 

1 KJ 

24 

Liver b.asal 

70 

22.4 


0.67 j 


25 

Liver ba.sal 

70 

18.6 


3.SS 

o.so 1 

52.6 ! 

\ 

4''- 

26 

Liver basal 

70 

11.9 


3.79 1 

0.73 ! 

50.9 1 

■tv; 

41'^ 

27 

Liver basal -p gelatin, 70 gm. -p tyrosine, 

129 

15.1 

3.0 

3.99 ; 

1 

0.79 1 

■19,3 ‘ 

2S 

4.2 gm. 

Liver basal 

70 

11.9 

1 ( 

1 3.07 i 

0.74 : ■ 

)5.9 ! 

119 


• Eitimatcd b-if."!! output per v.cck cquah 12 goi. pl.;-;rria protc:n. 
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TABLE 1-a 


Weight and Nitrogen Balance 


Dog 36-196. 






Nitrogen balance 



1 



Intake 

Output 



Diet ^ 


in 

diet 

in 

excess 

K.B.C. 

in- 

jected 

in 

plasma 

in 

tixine 

in 

feces 

Intake 

minus 

output 

1 

Kennel 

Fasting 

kt. 

10.5 

9.1 

gm. 

0.0 


gm. 

0.8 


■npM 

gm. 

-15.6 

2 

Liver basal 

9.2 

11.2 

8.0 

4.2 



-0.7 

3 

Liver basal 

9.2 

11.2 

4.3 

2.9 



-1.8 

4 

Liver basal -1- tryptophane, 2.0 gna. 

9.2 

11.5 

3.5 

2.7 



-0.8 

5 

Liver basal 

9.0 

11.2 

-2.3 

2.5 

9.6 

1.8 

-5.0 

6 

Liver basal -h gelatin, 70 gm. trjTitO" 

9.0 

22.2 

5.2 

2.8 

19.5 

2.3 

-f2.8 

7 

phane, 2.8 gm. 

Liver basal 

9.2 

11.2 

2.9 

2.6 

10.3 

1.7 

-0.5 

8 

Liver basal 

9.3 

11.2 

1.6 

1.9 

12.3 

' 2.3 

-3.7 

9 

Liver basal 

9.3 

11.2 

-1.6 

1.2 

9.6 

2.0 

-3.2 

10 

Liver basal -4- gelatin, 70 gm. + tiypto- 

9.5 

22.2 

4.4 

1.9 

18.3 


+4.1 

11 

phane, 2.8 gm. 

Liver basal 

9.5 

11.2 

1.4 

1.6 

10.6 


-1.9 

12 

I Liver basal 

9.6 

11.2 

-0.6 

l.D 

9.5 


-3.7 

13 

Protein-free 

9.4 

0.3 

0.0 

0.3 

6.5 


-8.1 

14 

Liver basal 

9.5 

11.2 

1.6 

0.8 

7.8 

1.0 

+2.8 

15 

Liver basal 

9.6 

11.2 

4.1 

2.0 

8.0 

2.5 

+2.8 

16 

Liver basal 

9.7 

11.2 

-0.7 

1.7 

8.8 

2.0 

-2.0 

17 

Liver basal 

9.6 

11.2 

2.2 

1.7 

9.8 

3.1 

-1.2 

18 

Liver basal 

9.6 

11.2 

2.6 

2.3 

9.0 

2.1 

+0.4 

19 

Liver basal 

9.5 

11.2 

4.5 

1.6 

9.3 

2.7 

+2.1 

20 

Liver basal -f- gelatin, 70 gm. -4- trj’pto- 

9.7 

23.0 

3.4 

4.0 

12.5 

2.8 

+7.1 

21 

phane, 2.8 gm. -4- cj-stinc, 4.2 gm. -f- 
lyrosine, 4.2 gm. 

Liver basal 

9.5 

11.2 

3.7 

3.3 

9.2 

2.7 

-0.3 

22 

Liver basal 

9.5 

11.2 

1.5 

1.7 

9.8 

2.6 

— 1.4 

23 

Liver bas.al -4- gelatin, 70 gm. -4- tyrosine. 

9.3 

22.6 

1.5 

2.9 

14.4 

3.3 

+3.5 

24 

4.2 pm. -4- cj-stinc, 4.2 gm. 

Liver b.asal 

9.3 

11.2 

3.8 

3.6 

8.1 

2.2 

+1.1 

25 

Liver basal 

9.3 

11.2 

1.5 

3.0 

9.0 

1.8 

-1.1 

26 

Liver b.a.sa! 

9.3 

11.2 

1.7 

2.0 

8.6 


27 

j Liver basal -f gchalin, 70 gm. -r tjTosine, 

9.3 

22.1 

4.7 

I 2.5 

15.5 

2.4 

+6.4 

2.5 

1 4.2 pm. 

I Liver basal 

9.2 

j 11.2 

2.4 

1 2.0 

9.1 

1 

2.1 

+0.5 
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sine. In the first two experiments (periods 6 and 10) there is no 
excess production of new plasma protein and there is a large excess 
of urinary nitrogen (19.5 and 18.3 gm.). In the second two experi- 
ments (periods 20 and 23) there is a large surplus of new plasma pro- 
tein (20 to 23 gm.) but a decrease in urinary nitrogen (12.5 and 14.4 
gm.). It seems inevitable to conclude that the gelatin incompletely 
supplemented presents a melange of amino acids which cannot be 
utilized to build plasma protein or other body protein and are throira 
away in the urine. When cystine and tyrosine or tryptophane are 
added to the gelatin, the body is then able to utilize the gelatin split 
products in an extraordinarily efficient manner so that less nitrogen 
appears in the urine and much more plasma protein is manufactured. 

During periods 23 to 28 (Table 1) and 29 to 35 (Table 2) 5 different 
groupings of these amino acids "with gelatin were tried. It appears 
that the addition to gelatin of cyslinc and either or both tryptophane 
and tyrosine gives a mixture highly efficient for plasma protein pro- 
duction. Without added cystine the gelatin is inefficient; yet cystine 
alone does not appreciably improve the efficiency. Corroboration of 
some of these findings is given in another dog (Table 3, periods 14 
to 21) and the results of all experiments are summarized in Table 4. 

Tomatoes were added to the basal diet in period 36 (Table 2) in 
an attempt to duplicate the conditions under which tryptophane and 
gelatin produced a large amount of new plasma protein (29 gm.) 
in the earlier e.xperiment referred to above (5). No significant pro- 
duction of protein above the basal output was obtained. The shock 
reaction occurring on the 4th day of the 37th period prevented ac- 
curate measurement of any hypothetical carry over but no evidence 
of any such impending reaction was given in those first 4 days. 

The anaphylactic shock reaction is part of another problem not con- 
sidered in this report. The dog recovered from the severe effects in 
two days but in order to insure a full return to a normal state the 
protein intake in the diet was doubled and plasmapheresis was dis- 
continued (periods 38 to 40, see Clinical Historj'). Plasmaphere-nis 
was resumed in the 41st period and it required 2 weeks to reestablish 
basal conditions as obtained in the 43rd period. It is obvious that 
protein had been stored during periods 38 to 40~-a weight gain of 
0.9 kg. and a large positive nitrogen balance speak for this. Al.-o, 
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during the 6 periods 38 to 43 only 78.8 gm. protein were removed to 
achieve basal conditions, whereas had there been no call for protein 
to repair shock injury it would probably have .been necessary to 
remove 108 gm. (5). 

Cysline and, tyrosine were again added with gelatm to the liver 
basal in period 44. While the response in plasma protein production 
was not so large as in period 23, it compares favorably and indicates 
consistent performance of this biological test machine. 

Lakcd red blood cells afford little if any material for plasma protein 
formation when introduced into the blood stream. This conclusion 
had already been reached from experiments in normal dogs (10) and 
is confirmed in this plasma depleted dog in period 47. Slightly less 
than 25 gm. of hemoglobin containing about 23 gm. protein was 
responsible for the production of 1 gm. of plasma protein, a quantity 
well within the limits of error in this tjqie of experiment. These 
experiments do not support recent inferences by Melnick, CowgiU, 
and Burack (8) to the effect that hemoglobin may be utilized to 
build new plasma protein. 

Methionine adds no more to the efficiency of gelatin than cj'Stine 
alone and cannot replace cystine in its potent combination with 
tyrosine (periods 49 to 52). Of considerable interest is the apparent 
inabilitj' of phenylalanine to act effectively with cj’stine and gelatin 
in the way that tyrosine does (period 53). 

In Tables 1-a and 2-a it should be noted that throughout the entire 
year the animal’s weight varied little — ^between 8.8 and 9.7 kg. except 
for the loss during the anaphylactic shock episode. Moreover, for 
the entire 54 weeks a positive nitrogen balance of 14 ± gm. was ob- 
tained. The urinary nitrogen figures arc of some special interest. 
For the 15 basal periods listed above in determination of the basal 
pToicin onlpiil the average weekly urinary nitrogen excretion was 8.8 
gm., with limits of 7.4 and 9.8 gm. If we compare these figures 
(8.S gm. nitrogen per week) during the basal diet periods with the 
figures observed during f^clafin feeding there are striking differences. 
When gelatin plus tr>-ptophanc or tyrosine or both were added to 
the basal ration the urinara- nitrogen per week averaged 17.6 gm. and 
the plasma protein output 1 to 2 gm. In striking contrast when 
gelatin [dus cystine and tyrosine or tra-ptophanc were added to the 
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TABLE 2 {continues Table 1) 


Methionine and Phenylalanine Ineffective Compared with Cystine and Tyrosine 
Hemoglobin by Vein Not Utilized to Build Plasma Protein 

Dog 36-196. 


Period 

7 

days 

Diet 

Protein 

intake 

Total 

for 

7 days 

Plasma 

protein 

re- 

moved 

Total 

for 

7 days 

Proteir 

re- 

moved 

above 

basal* 

Blood plasma 
Average 
concentration 

R.B.C 

hema- 

tocrit 

riasmi 

volunie 


Total 

proteir 

A/G 

ratio 

“ aver- 
age 

29 

Liver basal -f- gelatin, 70 gm. -{- cystine, 

sm. 

129 

sm. 

15.9 

tm. 

5.7 

per cen 

4.07 

0.80 

per cen 

49.5 

( fC. 

442 

30 

4.2 gm. 

Liver basal 

70 

13.8 


3.98 

0.69 

49.5 

425 

31t 

Liver basal gelatin, 70 gm. + cystine. 

129 

21.5 

18.8 

4.29 

0.88 

49.3 

42S 

32 

4.2 gm. -}- tryptophane, 2.8 gm. 

Liver basal 

70 

22.5 


4.13 

0.79 

50.5 

389 

33 

Liver basal 

70 

10.8 


3.78 

0.67 

49.9 

431 

34 

Liver basal -f- gelatin, 70 gm. -f tyrosine. 

129 

12.4 

0.7 

3.88 

0.62 

48.8 

434 

35 

4.2 gm. tryptophane, 2.8 gm. 

Liver basal 

70 

12.3 


3.87 

0.58 

46.6 

447 

36 

Liver basal -f gelatin, 70 gm. -}- trypto- 

132 

13.7 

1.7+ 

3.91 

0.55 

47.4 

376 

37 

phane, 2.8 gm. -f tomatoes, 245 gm. 
Liver basal (anaphylactic shock) 

58 

8.0 


3.95 

0.55 

46.5 

434 

38 

Liver basal -J- liver, 350 gm. 

140 

2.8 


4.65 

0.57 

43.2 

470 

39 

Liver basal -f- liver, 350 gm. 

140 

17.5 


5.05 

0.67 

44.5 

452 

40 

Liver basal •+• liver, 350 gm. 

140 

5.0 


4.97 

1.41 

43.8 

469 

41 

Liver basal 

70 

26.1 


4.. 32 

0.77 

43.6 

471 

42 

Liver basal 

70 

14.8 


3.69 

0.56 

46.0 

4S4 

43 

Liver basal 

70 

12.6 


3.85 

0..55 

46.9 

450 

44 

Liver basal -F gelatin, 70 gm. -f tyrosine. 

129 

20.5 

14.6 

4.06 

0.68 

47.2 

442 

45 

4.2 gm. cystine, 4.2 gm. 

Liver bas.al 

70 

17.3 


3.74 

0.72 

45.0 

461 

46 

Liver basal 

70 

12.8 


3. 84 

0.62 

45.5 

460 

47 

Liver basal -}- hemoglobin by vein, 24.8 gm. 

93 

13.1 

1.0 

3.89 

0.49 

44.9 

419 

48 

Liver basal 

70 

11.9 


3.74 

0.60 

44.1 

486 

49 

Liver basal 4- gelatin, 70 gm. -f- methi- 

129+ 

14.4 

4.0 

3.92 

0.69 

46.1 

477 

SO 

oninc, 5.2 gm. 

Liver basal 

70 

13.6 


3.90 

— 

47.4 

437 

51 

Liver basal -{- gelatin, 70 gm. -f- methi- 

129 

15 6 

6.8 

3.97 

0.70 

46.2 

483 

52 

onine, 5.2 gm. -F tyrosine, 4.2 gm. 

Liver basal 

70 

15.2 


3.86 

0.65 

45.7 

471 

53 

Liver bas.al -F gelatin, 70 gm. -F cystine. 

129 

15.4 

3.5 

3.93 

0.64 

46.2 

473 ■ 

54 

4.2 gm. -F phenylalanine, 4.2 gm. 

Liver basal 

69 

12.1 


3.85 

0.72 

47.7 

429 


• Estim.itcd basn.1 output per week equal.-; 12 gm. plasma protein, 
t Fed 60 gm. gelatin — recalculated on basis of 70 gm. 










table 2-ff {continues Table 1-a) 
Weight and Nitrogen Balance 


Dog 36-196. 

I I I Nitrogen balance 


Ml 


M 

Intake 

Output 


ml 

Diet ^ 

mi 






intake 

1 

in 1 

diet ^ 

excess 

in 

jlasma 

in 

urine 

in 

feces 

minus 

output 

H 


■ 


jected 





Bi 



rm. 

gm. 

gm. 

gm. 

gm. 

tm. 

29 

river basal -f gelatin, 70 gm. -j- cystine. 

9.2 

22.2 

3.7 

2.6 

13.5 

3.1 

-b6.7 

30 

4.2 gm. 

Liver basal 

9.2 

11.2 

1.1 

2.3 

8.4 

2.5 

-0.9 

31* 

Liver basal -j- gelatin, 70 gm. -h cystine. 

9.2 

22.6 

2.2 

3.5 

12.6 

2.4 

-b6.3 


4.2 gm. -f tryptophane, 2.8 gm. 




3.7 

10.6 

1.7 

-4.2 

32 

Liver basal 

9.1 

11.2 

0.6 

33 

Liver basal 

9.1 

11.2 

0.8 

1.8 

9.7 

2.3 

-1.8 

34 

Liver basal -b gelatin, 70 gm. -b tyrosine. 

8.9 

22.5 

1.7 

2.1 

17.7 

3.0 

-bl.4 


4.2 gm. -b tryptophane, 2.8 gm. 





9.3 

2.4 

-0.3 

35 

Liver basal 

8.9 

11.2 

2.2 

2.0 

36 

Liver basal -b gelatin, 70 gm. -b trypto- 

8.8 

22.7 

2.4 

2.3 

17.0 

2.3 

-b3.3 


phane, 2.8 gm. -b tomatoes, 245 gm. 








37 

Liver basal (anaphylactic shock) 

8.2 

9.3 

1.1 

1.3 

13.0 

1.1 

-S.l 

38 

Liver basal -b liver, 350 gm. 

8.6 

22.4 

0.7 

O.S 

10.2 

3.3 

+9.1 

39 

Liver basal -b liver, 350 gm. 

8.9 

22.4 

3.7 

2.8 

11.6 

2.7 

+9.0 

40 

Liver basal -b liver, 350 gm. 

9.1 

22.4 

0.5 

0.8 

11.3 

2.7 

+8.1 

41 

Liver basal 

8.9 

11.2 

6.0 

4.3 

11.0 

2.5 

-0.6 

42 

Liver basal 

9.1 

11.2 

1.9 

2.5 

9.5 

2.8 

-1.7 

43 

Liver bas.al 

8.9 

11.2 

1.9 

2.0 

9.1 

2.9 

-0.9 

44 

Liver basal -b gelatin, 70 gm. -b tyrosine. 

8.8 

22.6 

-0.7 

3.4 

13.3 

3.4 

+1.6 


4.2 gm. -b cystine, 4.2 gm. 








45 

Liver basal 

8.8 

11.2 

1.3 

2.9 

8.2 

2.8 

-1.4 

46 

Liver basal 

9.0 

11.2 

1.4 

2.1 

7.4 

2.8 

+0.3 

47 

Liver basal -b hemoglobin by vein. 

8.9 

11.2 

3.61 

2.2 

9.8 

2.9 

-0.1 


24.8 gm. 








48 

Liver basal 

9.0 

11.2 

1.0 

2.0 

8.7 

2.8 

-1.3 

491 

Liver basal -b gelatin, 70 gm. -b methi- 

9.0 

22.2-b 

2.0 

2.4 

13.4 

3.6 

+4.8 


onine, 5.2 gm. 








50 

Liver basal 

9.1 

11.2 

-2.0 

2.3 

7.7 

3.5 

-4.3 

51 

Liver basal -b gelatin, 70 gm. -b methi- 

9.2 

22.5 

1.3 

2.6 

13.4 

3.2 

+4.6 


onine, 5.2 gm. -b tyTosinc, 4.2 gm. 







52 

Liver basal 

9.0 

11.2 

0.1 

2.5 

8.5 

2.9 

-2.6 

53 

Liver basal -b gelatin, 70 gm. -b cystine. 

9.2 

22.6 

1.9 

2.6 

13.4 

3.2 

+5.3 


4.2 gm. -b phenylalanine, 4.2 gm. 







54 

Liver basal 

9.2 

11.2 

0.3 

2.0 

9.8 

4.5 

-4.8 


iTotals for 54 periods (Tables l-o and 2-0). 


j762.1 

106.0 

123.5 

593.0 

134.4 

+14.3 


See footnote to period 31, Table 2. The figures for nitrogen balance are correspondinElv 
adjusted. 

t Includes nitrogen in hked red blood cells injected intravenously. 

J The dog consumed additional protein— <ce Clinical Experimental History. 
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basal ration the urinary nitrogen per week averaged 13.2 gm. and the 
plasma protein output 19 gm. We may say that about 4.4 gm. of 
nitrogen was conserved from wastage in the urine which might ac- 
count for about 26 gm. of new body protein and actually 19 gm. 
appeared as plasma protein. It should be noted also that when 
gelatin was supplemented with cystine or metliionine the urinar}’ 
nitrogen averaged about 13.4 gm. per week although the plasma 
protein output was only 4 to 7 gm. per week. This may suggest 
some amino acid conservation in this dog with the production of some 
body protein but only a modest amount of plasma protein. 

Clinical Experimental History . — ^Dog 36-196 (Tables 1 and l-o; 2 and 2-o). 
An adult female beagle hound, weighing 10.5 kg., was fasted for one week. It 
was then given a liver basal diet which it consumed daily for the next 54 weeks 
except as herein noted. The diet consisted of raw pork liver, 50 gm.; cane sugar, 
50 gm.; cornstarch, 50 gm.; cod liver oil, 25 gm.; salt mixture, 2 gm.; bone ash, 
10 gm.; kaolin, 5 gm. When this basal diet was supplemented by gelatin the 
basal caloric intake was maintained by reducing the cane sugar given to 41 gm. 
The "protein-free” diet fed during the 13th period contained cane sugar, 77 gm.; 
dextrin, 25 gm.; lard, 23 gm.; butter fat, 9 gm.; salt mixture, 2 gm.; bone ash, 

3 gm,; "Ryzamin B” concentrate, 0.4 gm. {i.c., 32 international units of vitamin 
Bi); liver extract, parenteral,* 1 cc.; White's cod liver oil concentrate, 3 tablets 
(t.c., about 9400 units of vitamin A and 940 units of vitamin D). Consumption 
of these diets was uniformly complete, except during period 37. The dog was 
sensitized to horse serum and when the shocking dose was given in the 37th period 
a severe characteristic reaction occurred. 3 weeks (38 to 40) were allowed for 
rccoverj’ from this disturbance, during which time the intake of liver in the diet 
was doubled to 100 gm. daily. Segments of Tenia pisijormis appeared in tiie 
feces and arccoline hydrobromidc, 18 mg., was given in period 38, yielding 7 
Ecolices and their bodies. Plasmapheresis, resumed in the 3Sth week after a 
10 days’ rest, was not performed in the 40th week. The clinical condition of the 
dog was good. 

The hemoglobin given intravenously during period 47 was prepared from fresh 
washed red blood cells (dog) lakcd in distilled water. The three injections given 
each day were at least 6 hours apart and the exact quantitie.s of hemoglobin given, 
as determined by the acid hematin method, varied from 0.97 to 1.66 gm. After 
5 of the 19 injections there was evidence of slight hemoglobinuria both gro- .ly 
and by benzidine test; during and .after the other 14 injections the benzidine te^t 
was negative. Clinically the dog gave not the slightest reaction. 


* We are indebted to Eli Lilly .and Company for this matcri.al. 
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During period 49 the dog consumed about 5 gm. additional protein in ground 
beef and salmon bread inadvertently available. At most this quantity of these 
proteins could produce only 1 gm. plasma protein, and such an allowance has 
been made in calculating tte percentage utilization of gelatin plus methionine 
given in Table 4. 

In Tables 3 and 3-a observations are recorded on another dog 
(37-6) tested under similar conditions and with some of tbe same 
amino acid and gelatin combinations, as noted in the experiments 
tabulated above. The experiments in the two dogs are in complete 
agreement. This dog (37-6, Tables 3 and 3-o) had a rather large 
reserve store of plasma protein building material which required 11 
weeks for complete removal. During the 11 periods including the 
first period of fasting, the dog put out 270.7 gm. of plasma protein and 
if we deduct 190 gm. for the 10 weeks of basal diet intake we record 
80 gm. as the reserve, using 19 gm. as the basal weekly plasma pro- 
tein output. During these periods (2 to 11 inclusive) the diet intake 
was 84 gm. of protein and the basal diet was determined on subsequent 
periods on a protein intake of 70 gm. (Table 3). If we correct for this 
larger protein intake the basal output for periods 2 to 11 should have 
been 22.8 gm. plasma protein. Using this figure the reserve store of 
plasma protein building material would be 43 gm. but the anaphylactic 
shock comes into the picture. With anaphylactic shock the body 
proteins suffer injury and there is an excess of nitrogen eliminated 
in the urine (not showm in Table 3-a but refer to Table 2-a). This 
may well signify removal of protein material from the reserve stores 
and to ex-plain an increase in urinary- nitrogen of 4 gm. would require 
24 gm. of body protein. The true figure of plasma protein reserve 
store probably falls between 43 and 80 gm. for this dog. 

The estimate of the basal oiilput of plasma protein in dog 37-6 on a 
protein intake of 70 gm. per week is an average of periods 12, 13, 15, 
and 20 or IS.S gm. 

Protdu nlilizalion was verj- efficient in dog 37-6 (Tables 3 and 3-o), 
much more so than in the other dog (36-196). On the same diet 
and the same protein and caloric intake this dog (37-6) was able to 
gain slightly in weight, produce more new plasma protein, and elimi- 
nate less urinarv- nitrogen. Both dogs were in nitrogen equilibrium. 
This dog (37-6) required only 4 gm. of diet protein to produce 1 gm. 
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TABLE Z-a 

Weight and Nitrogen Balance 
Dog 37-6. 


Nitrogen balance 


Period 

7 

days 

Diet ' 

mi 

Intake 1 

Output 

Intake 
nun us 
output 

i 

in 

diet 

in 

excess 
R.B.C. , 
in- 
jected 

in 

plasma 

in 

urine 

in 

feces 




gm. 

gm. 

gm. 

gm. 

gm. 

gm. 


Kennel 

11.6 







1 

Fasting 

10.3 

0.0 

-0.3 

4.8 




2 

Liver basal 

10.4 

13.4 

-0.1 

4.7 




3 

Liver basal 

10.7 

13.4 

2.8 

3.8 




4 

Liver basal 

10.7 

13.4 

0.8 

3.6 




5 

Liver basal (anaphylactic shock) 

10.6 

11.5 

2.6 

3.2 




6 

Liver basal 

10.8 

13.4 

2.4 

4.8 

6.7 

2.9 

+1.4 

7 

Liver basal 

10.9 

13.4 

1.4 

4.5 

8.3 

1.2 

+0.8 

8 

Liver basal 

11.1 

13.4 

-2.0 

3.9 

6.3 

3.8 

-2.6 

9 

Liver basal 

11.3 

13.4 

1.0 

4.0 

8.3 

3.0 

-0.9 

10 

Liver basal 

11.4 

13.4 

0.7 

3.2 

7.7 

1.4 

+1.8 

11 

Liver basal 

11.6 

13.4 

-0.2 

4.0 

7.4 

1.9 

-0.1 

12 

Liver basal 

11.7 

11.2 

-1.9 

3.3 

6.6 

1.7 

-2.3 

13 

Liver basal 

11.8 

11.2 

-1.1 

2.8 

6.8 

2.0 

-1.5 

14 

Liver basal -f- gelatin, 69 gm. 

12.0 

21.4 

-0.8 

2.8 

15.5 

2.7 

-0.4 

15 

Liver basal 

12.0 

11.2 

-0.6 

3.1 

8.3 

2.8 

-3.6 

16 

Liver basal -p gelatin, 70 gm. -b trypto- 

12.3 

22.2 

2.6 

3.1 

15.8 

1.9 

+4.0 


pbane, 2.8 gm. 








17 

Liver basal 

12.5 

11.2 

2.5 

3.5 

9.1 

2.1 

-1.0 

18 

Liver basal -b gelatin, 70 gm. -f- cj’stinc. 

12.5 

22.6 

7.8 

4.2 

13.3 

2.8 

+10.1 


4.2 gm. tryptophane, 2.8 gm. 








19 

Liver basal 

12.7 

11.2 

3.3 

5.0 

10.0 

3.4 

-3.9 

20 

Liver basal 

13.1 

11.2 

4.6 

3.8 

8.7 

2.6 

+0.7 

21 

Liver basal 

12.7 

11.2 

1.6 

3.2 

9.8 

2.4 

—2.6 

22t 

Liver basal -f gelatin, 70 gm. -f cystine. 

12.4 

22.6 

2.3 

3.7 

19.1 

3.1 

-1.0 


4.2 gm. -b phenylalanine, 4.2 gm. 








23 

Liver basal 

— 

11.2 

1.4 

3.8 

8.8 

2.3 

-2.3 


Totals, periods 6 to 23 


258. 8 

25.0 

66.7 

176.5 

44.0 

-3.4 


t See footnote to period 22, Table 3. The figures for nitrogen balance are 7/6 of those 
obtained. 
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Clinical Experimental History . — Dog 37-6 (Tables 3 and 3-tt). An adult 
female mongrel pointer, ■weighing 11.6 kg., was fasted for one week. For the 
succeeding 10 weeks it was fed daily a basal ration consisting of raw pork liver, 
GO gm.; cane sugar, 120 gm.; lard, 15 gm.; cod liver oil, 15 gm.; salt mixture, 

2 gm.; bone ash, 10 gm. In the 5th week horse serum antigen given intra- 
venously to the previously sensitized animal, as an aside to the main experiment, 
produced a severe characteristic shock. Within 24 hours the dog had recovered 
for the most part and appeared entirely normal within 3 days. Beginning -with 
period 12 the amormt of liver in the basal diet was reduced to 50 gm. daily and 
the cane sugar was increased to 124 gm. During the periods in which gelatin 
supplement was given the quantity of cane sugar in the diet was reduced to 
115 gm. The appetite for the basal diet lagged by the 21st period and during 
the 22nd week a total of exactly one day’s diet was not eaten. Since a con- 
siderable gain in weight had occurred the lard was deleted from the diet beginning 
with the last 2 days of the 21st period; and the carbohydrate was reduced to 
cane sugar, 60 gm., cornstarch 30 gm. during the 23rd period. The experiment 
was discontinued at the close of this period. 

DISCUSSION 

Plasma protein is not to be looked upon as static material whose 
sole function is related to the osmotic balance of circulating and tissue 
fluids. This plasma protein material has a turn over of unkno-wn value 
but the body can be kept in nitrogen equilibrium on a non-protein 
diet plus adequate plasma given intravenously (2). In other words 
the plasma protein can replace the body protein wear and tear and 
in this sense is active in nutrition under such conditions. It is ob-vious 
therefore that information as to plasma protein production is of 
significance relating to body protein exchange and metabolism (12). 

In a comprehensive review (11) Rose shows that for growlh the 
amino acids phenylalanine and methionine are indispensable but 
tyrosine and cj’stine are dispensable. The experiments above, sum- 
marized in Table 4, indicate that for plasnin protein building methio- 
nine cannot take the place of cystine as a supplement to gelatin and 
phenylalanine cannot replace tyrosine in the same tjqje of reaction. 

It would seem that the urge to produce plasma protein in these 
depleted dogs was maximal and the dog uses the liver protein in the 
basal diet quite efhciently— i to 6 gm. of liver protein being required 
to produce 1 gm. of plasma protein. Gelatin supplemented with 
cystine and tyrosine is used as efficiently as beef serum itself to build 
new plasma protein, 3 to 4 gm. of gelatin protein being needed to 
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to plasma protein production we cannot say but certainly it does 
not appear to be indispensable as a gelatin supplement. Gelatin 
supplemented with cystine and tjrrosine is as potent as beef serum in 
the building of new plasma protein in these depleted dogs and it 
is hard to imagine that valine would add to the potency of this gelatm 
mixture. However, it must be put to the biological test. 

SUMMARY 

When blood plasma proteins are depleted by bleeding with return 
of the washed red blood cells (plasmapheresis) it is possible to bring 
dogs to a steady state of h}'poprotememia and a imiform plasma 
protein production on a basal low protein diet. These dogs are 
clinically normal. By the introduction of variables into their stand- 
ardized existence insight into the formation of plasma proteins can 
be obtained. 

The liver basal diet maintains health in such hypoproteinemic dogs 
during periods as long as a year. 17 to 27 per cent of its protein 
content (entirely liver protein) is presumably converted into plasma 
protein. 

Gelatin alone added to the liver basal diet causes very little if any 
extra plasma protein production. 

The addition to gelatin of cystine, or tyrosine, or tryptophane, or 
of both tyrosine and tryptophane has little or no effect on its potency 
for plasma protein production. 

WHien gelatin is supplemented by cystine and either tryptophane 
or tyrosine, 25 to 40 per cent of the protein content of the combination 
is converted into plasma protein — an efficiencj'^ equaling that of any 
protein hitherto tested. 

Preliminaiy' experiments indicate that methionine cannot substitute 
for cystine nor can phenylalanine substitute for t 3 'rosine in the efficient 
combination of gelatin plus cystine plus tyrosine. 

Lakcd red blood cells given by vein afford little or no material 
for plasma protein formation. 

M hen the rcscrcc stores of plasma protein building material are 
exhausted the dog can form little if any plasma protein during protein- 
free diet periods. 
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RADIOACTIVE IRON AND ITS METABOLISM IN ANEMIA* 
Its Absorption, Transportation, and Utilization 

By P. F. HAHN, Ph.D., W. F. BALE, Ph.D., E. O. LAI\TIENCE, Ph.D., 

AKD G. H. WTnPPLE, M.D. 

{From the Deparlmenls of Pathology and Medicine {Radiology), The University of 
Rochester School of Medicine and Dentistry, Rochester, New York, and the 

Radiation Laboratory, The University of California, Berkeley, California) 

(Received for publication, February 18, 1939) 

With the production of radioactive isotopes by the physicists and 
the concentration of naturally occurring isotopes by the chemists, 
the grateful physiologists have been presented with what may prove 
to be the “Rosetta Stone” for the understanding and study of body 
metabolism. The radioactive isotopes are “marked” elements which 
behave precisely like their inactive replicas in the physiology of the 
body but can be readily recognized as distinct entities w'herever found. 
The radioactive isotope of iron used fortunately has a long life (half 
life 47 days) which covers ample time for prolonged study of iron 
metabolism and gives assurance to the student that this iron found in 
tissues, bones, or fluids is the iron introduced and not some other iron 
coming from body storage depots, hemolysis, or red cell wastage. 

The literature on iron metabolism is enormous but the net results 
are disappointing to say the least. Ever}-- hj^jothetical possibility 
has been championed by students but veiy^ few points have been set- 
tled to the satisfaction of all workers. One can scarcely suggest a 
single possibility without finding that it has been more or less \igor- 
ously supported by physiologists or physicians in the past. We feel 
that radioactive iron will be a means of settling many of these disputes 
but it is impossible at this time to re\-iew all these interesting hy- 
potheses. 

^ The metabolism of iron in the body at first sight appears to be 
simple and capable of accurate study but this illusion is promptly 
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newly acquired iron and that present in the body even though the 
inert iron exceeds the radioactive iron by many hundred-fold. This 
contrasts with iron metabolism studies using inert iron where in many 
cases significant results depend on small differences between analytical 
iron values not too certain in themselves. 

The excretion of iron has been the subject of debate by physiol- 
ogists for decades and until very recently no voice was raised to 
question the function of the large intestine which had been accepted 
as the site for iron elimination. Radioactive iron should enable the 
student to settle this dispute beyond any reasonable doubt. Further- 
more the iron metabolism of the muscle hemoglobin has never even 
aroused speculation but this question now can be approached with 
hope of ultimate success. 

Absorption of iron in disease is probably abnormal and these ques- 
tions call for the use of radioactive iron in the clinic.' 

Methods 

Radioactive iron is formed by the bombardment of the Fe'* iron isotope with 

deuterons, the reaction being Fe'^ + BP Fe^® + P- It deca}3 with the emission 

of free electrons or /3-rays, Fe^® Co*’ e. The half life of radioactive iron is 

47 days. The amount of radio-iron present in a sample is determined by a 
measurement of its /5-ray activity using a Geiger-Miiller counter. The experi- 
mental methods for doing this are basically those described by Bale, Haven, and 
LcFcvre (1) 

Briefly the method is as follows; A 2 cc. aliquot of the solution on which an 
activity determination is to be made or the whole sample made up to 2 cc. is 
placed in a glass cup the inside diameter of which is about 1 mm. greater than the 
outside diameter of the counter chamber, which is mounted as an inverted plunger. 
A rack and pinion device (adapted from a colorimeter) brings the cup up around 
the counter end to a point where the liquid forms a H nim. thick film surrounding 
the sensitive area of the counter. Such geometric conditions allow many /S-rays 
to enter the counter tube producing a high sensitivity. By using equal volumes 
of solution and by raising the rack and pinion to the same point on a scale, the 
same geometric conditions arc obtained for each sample and the resulting counts 
per minute arc proportional to the radioactivity of the sample. 

A nc.arly saturated solution of potassium acetate is a convenient preparation 
of constant radioactivity. It is advisable to checl; the sensitivity of the counter at 
frequent intervals using this standard. Background counts (around three or four 
a minute for our counters) arc determined on distiUed water, or on acid blanlis 
approximating the composition of the solvent for the sample being measured. 
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hydrochloric acid. The mass -(vas extracted with ethyl ether until the acid phase 
showed a negative test for iron using thiocyanate. It was often necessary to add 
ammonium persulfate to take care of reduction occurring during extraction (pre- 
sumably due to impurities in the ether) since ferrous iron is not readily extracted. 
The ether extract was finally washed into beakers with dilute acid and concen- 
trated over a steam bath, and finally made up to 2 ml. and counted. 

Some samples contained very small amounts of radioactive iron where the 
total count was very near the background and due to inefficient^' of the counter 
tube employed, quantitative results were impossible. This was especially true 
if weak samples of the isotope had been fed. In such cases the seK-absorptive 
factor as well as absorption by solvent could be partially avoided bj' resort to 
electroplating of the iron onto tin foil cylinders made to fit snugly around the 
counter tube. Such a procedure resulted in obtaining 6 to 8 times the number 
of counts as were obtained on the same material in solution. This method will 
be described fully in a forthcoming publication. 

Routine care of these animals including methods of bleedmg; determination of 
plasma and hlood volume; and hemoglobin, as well as the composition of the diet 
low in iron, have been described in detail (6, 11), Blood volumes were done 
weekly by the brilliant vital red dye procedure. Hemoglobin was determined 
by the acid hematin procedure (13.8 gm. per 100 cc. taken as 100 per cent). 
Viviperfusion is also described (10) but in brief it consists of bleeding the dog 
under ether anesthesia at the same rate at which a modified Locke’s solution is 
given intravenously. This leaves the tissues practically free of red cells excepting 
the spleen and bone marrow. 

Values determined from single samples of plasma or red cells are expressed as 
total amounts in circulation by applying plasma and blood volume corrections 
respectively. Marrow samples were corrected roughly to indicate total body 
marrow tissue according to figures for marrow volume given by Fairman and 
VTiipplc (2). 


EXPERIMENTAL OBSERVATIONS 

Over a period of years investigations have been carried out in the 
Rochester laboratory relative to the absorption, storage, and utiliza- 
tion of iron in dogs which had been pre%nously depleted of all reserv'e 
iron stores bj continued anemia and subsistence on diets low in iron 
(6, 8). The limitations of these procedures have been outlmed in 
detail (4). It seemed advisable to repeat some of the tj'pical experi- 
ments using iron containing the radioactive isotope to test the accu- 
racy of this method under actual laboratory conditions. 

Dog 11-9, a young female terrier, weighing 4.5 kilos (Table 1) was placed on a 
cstt low in iron, consisting chiefly of white bread and canned salmon (6). It was 
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. Dog H-8, a female mongrel fox terrier puppy, aged about 6 months, and -weigh- 
ing 4.2 kilos, -was made anemic by bleeding and placed on a white bread-salmon 
diet low in iron. The anenjia was continued for 9 weeks to remove aU iron re- 
serves. Iron containing the radioactive isotope was fed -with the diet in the form 
of FezCSOila, on 2 successive days at a level of 33 mg. per day. The count of 
each dose was 232 per minute. 20 hours following the last feeding, -vi-viperfusion 
was carried out. 

Analysis of the -viscera of this animal for radioacti-vity sho-sved 0.4 
per cent of the amount fed in the liver (Table 1), approximately 3 
per cent in the marrow, and 9 per cent in the red blood cells. The 
plasma showed a count of 0.3 per cent corresponding to 0.2 mg. of 
iron. About 70 per cent was recovered from the colon and feces. 

Dog 37-116, a female mongrel adult, weighing 6 kilos, was made anemic by 
bleeding and placed on the usual diet low in iron. The anemia was continued 
for S weeks to deplete the reserve. For a month preceding administration of 
radioactive iron there had been a leucocytosis which persisted to the date of 
perfusion. The animal was given a single dose of radio-iron as Fe 2 (SO «)3 mixed 
%wth the diet, consisting of 130 mg. of iron which counted 5,730 per minute. The 
animal had to be coaxed to eat and spent one-half hour eating most of the food. 
The remainder was given by gavage. Blood samples were taken 3 and 5 hours 
after start of feeding and showed hematocrits of 20.9 and 19.8 per cent, respec- 
tively. Viviperfusion was carried out 23 hours following feeding (see Tables 1 
and 2). The hematocrit at the beginning was 19.9 per cent and at the end 1.1 
per cent. 

At autopsy the organs appeared well perfused. Heart, lungs, kidneys, liver, 
and spleen appeared to be normal, in gross. There -was gross and histological 
evidence of a moderate grade of chronic endometritis. The other wscera were 
ashed in tolo for analysis. 

The absorption of iron is much less in this e.xperiment than in the 
t-ivo preceding— a total found of only 4 per cent. This is due to 
the feeding of a large single dose of iron which is known to lessen the 
percentage absorbed (optimum percentage absorption follo-^vs 20 to 
40 mg. iron per day). Absorption of 30 per cent may be found in 
anemic dogs (8) with doses of 30 to 40 mg. iron daily, but absorption 
of only 5 per cent may be found with doses of 400 mg. iron. The 
red cells here contain nearly one-third of the absorbed iron even 
after 23 hours following rather reluctant and prolonged ingestion of 
the iron. 
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It was found that nearly 80 per cent of the iron in the plasma was 
either not in protein combination in so far as it appeared in the 
trichloracetic acid filtrates, or that the latter acid has split it from 
loose combination. The radio-iron of the red cells wa5 almost en- 
tirely in the fraction precipitated by the trichloracetic acid, only 
traces occurring in the filtrates of the precipitated laked cells. 



Chart A. Plasma and red blood cell radio-iron. Single feeding experiment. 
Dog 37-227. 

The result can be seen in Chart A. This animal was studied for 
a long period and gradual depletion of the radio-iron in circulation was 
cfiecled. 

Dog 37-204, a male adult poodle, -weighing 4.5 kilos, was made anemic and 
placed on a diet low in iron. It might be noted that this animal had practically 
no rcjcr\-c iron stores. After an anemia period of 3 weeks, 300 mg. of iron con- 
t.aining the radioactive isotope was mked in the diet in the form of FeCU. This 
amount counted 6,590 per minute. About 80 per cent of the diet was eaten 
immediately and the rest Later in the day. A blood sample n-as taken 2 hours 
following feeding and others at 11 and 26 hours. 
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by vein. As the animal was normal at the start, it was felt that there was no 
doubt that the iron stores were abundant. Before the transfusions, the hematocrit 
was 48 per cent with hemo^obin level of 120 per cent. At the end of the whole 
blood administration the hematocrit was 63 per cent and the hemoglobin level 
was 178 per cent. One transfusion of whole blood (equivalent to 5.4 gm. hemo- 
globin) followed this determination. 

Radio-iron, as recovered from other experiments, was fed nearly every day 
over a period of 5 weeks. The total iron given during this time approximated 
650 mg. and counted about 600 per minute. 84 hours after the last feeding, the 
animal was perfused and the organs, all of which appeared normal in gross, were 
ashed for counting. 

The colon contained 0.9 per cent of the total amount of iron fed, 
the remainder of the gastro-intestinal tract only 0.03 per cent. None 
was found in the vertebral bodies, plasma, or spleen. The liver 
contained 0.2 per cent and the combined red cells 0.04 per cent of the 
amount fed. It is apparent that very little iron was absorbed (see 
Table 1). 

Dog 37-144, a female adult beagle mongrel, weighing 8 kilos, was given several 
transfusions of whole blood (21 gm. of hemoglobin equivalent to 70 mg. of iron). 
White bread-salmon diet, with a supplement of 400 mg. of iron daily was given 
for S weeks. During this time occasional injections of colloidal Fe(OH )3 were 
given by vein, 64 mg. at a time. The total amount of colloidal Fe injected in this 
way was 394 mg. The animal originally had an hematocrit of 50 per cent and a 
hemoglobin level of 138 per cent, so the iron storage depots could be assumed to 
be full. Radio-iron (20 mg.) recovered from another experiment was fed with 
the diet and 2 days later 40 mg. of the same material were given. On each of the 
next 2 days, 21 mg. of a new sample were given in the diet. The total radio-iron 
intake was 103 mg. and counted 2,120 per minute. 23 hours later the 
was perfused. 

The \dscera of this animal appeared normal and were ashed for 
counting. The activity can be seen in Table 1. The stomach con- 
tained 0.11 per cent of the amount fed, the combined jejunum and 
ileum 0.13 per cent, and the colon, with contained feces, 82 per cent. 
It is to be noted that less than 0.2 per cent was absorbed as deter- 
mined by analysis of blood and tissues. 

Dog 37-214, an adult female mongrel spitz, weighed 7 kilos. This animal was 
\acdn.ued for distemper but did not receive the virus because of some coughing. 
There was no nasal secretion. A single transfusion of whole blood (8 gm. of 
bcmoglobm equu-alcnl to 27 mg. of iron) aws given. Eight injections of 64 mg. 
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each of iron as colloidal Fe(OH) 3 ^ were given at various times over a period of 
10 weeks to insure excess iron storage. The initial hematocrit was 37 per cent 
with a hemoglobin level of 105 per cent. At the end of injections the hematocrit 
was 42 per cent and the hemoglobin 114 per cent. 

A sample of radio-iron recovered from a previous experiment was fed, which 
contained about 60 mg. of iron and counted 14,240 per minute. Perfusion fol- 
lowed feeding by 7 hours. 

The very small amounts of radioactive iron found in the ^^scera 
of this animal can be seen in Table 1. The marrow sample was lost. 
The whole gastro-intestinal tract contained 84 per cent of the 
amount fed. 

It is important to compare this dog 37-214 with the anemic dog 
37-202. Both dogs were given about the same amount of radioactive 
iron as measured by the counts per minute. The anemic dog received 
115 mg. Fe in contrast to the control non-anemic dog whicli received 
60 mg. Fe. This would favor more absorption (in per cent) in tlie 
control. Yet the anemic dog showed 3.7 per cent in the blood in 
contrast to 0.05 in the non-anemic dog — an impressive ratio of over 
70 to 1 for the absorption in anemia. 

DISCUSSION 

The apparent ability of the dog to discriminate physiologically 
as concerns the amount of iron absorbed is of immediate interest (5). 
When there is a distinct need for the element (anemia) a fair quantity 
will pass from the gastro-intestinal tract into the blood stream. 
When the body reserves of iron are ample, very little is assimilated 
(Table 1). The mechanism for this reaction is not known. That it 
may be dependent upon a concentration gradient existing between the 
gastro-intestinal contents and the mesenteric blood is ver}'’ doubtful 
since the iron in the blood (in a form other than hemoglobin) is present 
in very small amount in any case as compared with the amount in 
the gastro-intestinal tract itself. 

It is interesting to speculate concerning these data however. If 
a normal animal absorbs iron only in proportion to the need and the 
anemic animal utilizes very efficiently (4, 6) what is absorbed then the 

^ We are indebted to Dr. David Loeser of the Loeser Laboratories, New York, 
for the colloidal iron used in these experiments. 
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expected excretion requirement in either case would be very small. 
This is pretty much what is found by means of bile fistula dogs (to 
be published later) . The same conclusion has been reached by Wid- 
dowson and McCance (12) who recently carried out a series of iron 
balance studies on human subjects. They found that iron injected 
in normal individuals did not result in an appreciable iron e limin ation 
and concluded that the excretory power of the gastro-intestinal tract 
was very limited. In a patient with an ileostomy stoma and isolated 
colon, Welch, Wakefield, and Adams (9) showed that feeding of large 
amounts of iron by mouth did not result in its excretion by the colon. 

Some iron is excreted in the bile and under abnormal conditions 
(unpublished data) it may be increased several fold, but it does not 
account for the total iron excretion of the gastro-intestinal tract xmder 
normal conditions and probably for less than one-third of the total. 

One may choose to believe that the iron absorption is largely a con- 
cern of the small intestine and furthermore that the mucosa is the 
tissue responsible for its acceptance or rejection. It may be possible 
to show that the epithelium of the mucosa is conditioned by the 
anemic state of the circulating blood so that absorption of iron takes 
place. At any rate the curve of iron absorption by the anemic dog 
indicates that the peak absorption (4 to 8 hours after feeding) takes 
place when the food materials are largely in the small intestine. At 
the end of 18 to 24 hours the radioactive iron is practically aU in the 
colon and no significant absorption of iron is demonstrable. It would 
seem that the colon is not concerned with iron absorption. 

That the plasma is the site of transportation of iron from the in- 
testinal tract to the point or points at which it is further utilized 
is indicated by the above data (Tables 1 and 2). Further evidence 
along this line will be presented later but like many other materials 
the absorption, as indicated by plasma iron changes, increases shortly 
after feeding to a peak and drops off quite rapidly (Chart A). Ab- 
sorption from a given dose of iron probably is complete in the dog 
at the end of IS hours. 

The rapidity with whidi the radio-iron appears in the red blood cell 
is northy of comment at this time. If an anemic dog is fed neutral 
iron the earliest time in which it appears in the blood stream as shown 
by the red cell surge into the circulation, is about 3 to 5 days. How- 
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ever we see in dogs 37-227, 37-204, 37-116, and 37-202 (Tables 1 and 2) 
that the radio-iron has found its way into the red cells much sooner; 
in fact appreciable amounts are demonstrable in a few hours. Further 
studies of the transfer of iron to the red cells and the form in which it 
occurs there are being made. 

As has been pointed out (6) the spleen and marrow do not lend them- 
selves to complete removal of blood by viviperfusion. About one- 
third of the iron found on analysis of a perfused spleen from an anemic 
depleted dog is due to the presence of hemoglobin in the red cells con- 
tained in the sinusoids (6). The question might arise concerning the 
radio-iron found in the spleen of dog 37-116; whether it was present as 
true storage iron or represented radio-iron in the contained blood. 
Calculation shows that less than 10 per cent of the radioactive isotope 
present (0.12 per cent of the total amount fed) could be accounted for 
as hemoglobin iron. The remainder of the radioactive iron in the 
spleen presumably was in the reticulo-endothelial cells as a reserve 
store of readily mobilizable iron. 

Discrepancies in iron balance studies in human subjects have some- 
times been explained as due possibly to adsorption of iron to the mucosa 
of the gastro-intestinal tract leading to a false impression of positive 
balance. It is of interest to note that in both dogs 37-116 and 37-144 
where viviperfusion followed the last feeding of radio-iron by 23 hours, 
practically all of the iron had been swept through the upper gastro- 
intestinal tract and had either been eliminated or was in the colon. 
The stomach and small intestine of 37-1 16 contained only 0.46 per cent 
of the total isotope fed whereas the colon contained 52 per cent. 
The upper gastro-intestinal tract of 37-144 contained 0.24 per cent 
of the amount of radio-iron fed while the colon and contained feces 
contained 82 per cent. The material fed in each case consisted of 
iron in the ferric form which would be expected to show adsorption 
(if present) to a greater extent than ferrous iron compounds. 

SUMMARY 

Artificially produced radioactive iron is an extremely sensitive agent 
for use in following iron in the course of its changes in body metab- 
olism, lending itself to studies of absorption, transport, exchange, 
mobilization, and excretion. 
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The need of the body for iron in some manner determines the 
absorption of this element. In the normal dog when there is no need 
for the element, it is absorbed in negligible amounts. In the anemic 
animal iron is quite promptly assimilated. 

The plasma is clearly the means of transport of iron from the gastro- 
intestinal tract to its point of mobilization for fabrication into hemo- 
globin. 

The speed of absorption and transfer of iron to the red cell is spec- 
tacular. The importance of the liver and bone marrow in iron metab- 
olism is confirmed. 
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ANTIGEN-ANTIBODY REACTIONS BETWEEN LAYERS 
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Langmuir and Schaefer (1, 2) have developed a method of condition- 
ing barium stearate films for the adsorption from solution of mono- 
layers of organic substances. This method has been used by them for 
studying the properties of adsorbed layers of protein (1), eniymes (3), 
and immunological substances (1). 

By adsorbing on barium stearate films of suflSdent thickness to give 
interference colors, a rough estimate of the thickness of the adsorbed 
layer can be obtained by color comparison with films of known num- 
bers of layers. A more precise method has been described by Blodgett 
and Langmuir (4) and Blodgett (5) in which the increase in thickness 
is calculated from the change of angle of incidence of the ordinarj’^ Rs’ 
ray of sodium light for minimum reflectance. 

Using the less accurate method of color comparison, Shaffer and 
Dingle (6) have investigated the antigen-antibody reactions between 
adsorbed monolayers of egg albumin and anti-egg albumin and be- 
tween pneumococcus polysaccharide and antipolysaccharide specific 
antibody. They used whole immune serum for their studies. 

Because of Shaffer and Dingle’s une.xpected results, we have under- 
taken a rcinvestigation of the pneumococcus antigen-antibody reac- 
tions on adsorbing surfaces using the more precise method (4, 5) and 
antibody solutions purified by dissociation according to the method of 
Hcidclbcrgcr and Rcndall (/ ). In addition we have made measure- 
ments on the diphtlieria toxin-antitoxin system. The results we have 
obtained arc not in agreement with those of Shaffer and Dmgle or those 

* The plane of pobriialion of the Rs ray is pcipeadicular to the plane of 
incidence. 
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of Langmuir and Schaefer (1) for toxin and antitoxin. The nature of 
these discrepancies and their possible explanation will be discussed 
later in this paper. 


Materials and Methods 

The three types of pneumococcus pol 3 ':saccharides used, hereafter 
referred to as S I, S II, and S III, were prepared by the method of 
Heidelberger, Kendall, and Scherp (8).“ 


TABLE I 


Analysis of Dissocialed Antibody Preparations 


Serum 

No. 

Symbol 

Species 

Type 

Nitrogen 
per cC. 

Antibody 
nitrogen 
per CC. 

Antibody 

nitrogen 

715-13 

AHIi 

Horse 

I 

0.2P8 

mj. 

0,220 

per cent 

74 

733-2* 

AH Is 

4t 

I 

0.151 

0.066 

44 

701-20 

AH Hi 

<4 

II 

0.183 

O.0S3 

45 

701-19* 

AH 11* 

(( 

n 

0.136 

0.116 

•85 

536-11 

AH III 

44 

III 

0.351 

0.202 

58 

J-s 

ARI 

Rabbit 

I 

0.271 

0.102 

CO 

J-6 

ARII 

44 

II 

0.142 

0.091 

64 

J-7 

ARIII 

44 

in 

0.116 

0.090 

78 


Antibodies prepared from serums marked with an asterisk were obtained by 
dissociation of specific precipitates formed from solutions of Felton precipitates. 
Other serums were used without prelirm’nary purification. 


The solutions of Type I, II, and III horse and rabbit antipncumococcus anti- 
bodies were prepared by dissociation of washed specific precipitates, formed in the 
region of slight antibody excess, with 15 per cent sodium chloride at 40°C. accord- 
ing to the method of Heidelberger and Kendall (7). The per cent of specifically 
precipitable nitrogen was determined for each sample of dissociated antibody 
studied. These analyses are summarized in Table I. All protein solutions were 
finally dialyzed against m/ 1S phosphate buffer, pH = 6.9, containing 1:10,000 
merthiolate. Solutions of S I, S II, and S III containing 0.25 per cent, 0.06 per 
cent, and 0.05 per cent carbohydrate respectively were made up in the same 
buffer. 

The highly purified diphtheria toxin used was prepared by one of us (9) and 
has recently been found to show homogeneous sedimentation in the ultracentrifugc 


- We are greatly indebted to Dr. Heidelberger for presenting us with samples 
of highly purified S I (123-4), S II (83E), S III (105-7). 









ELIOT E. PORTER AND ALWIN M. PAPPENHEIMER, JR- 


/3I 


as well as homogeneous migration by electrophoresis (10). An electrodialyzed, 
antitoxic pseudoglobulin preparation was used which was practically homo- 
geneous by ultracentrifugation and 35 per cent precipitable by diphtheria toxin. 

Films for conditioning and adsorbing v.-ere deposited on polished stainless steel 
slides by dipping through a stearate monolayer spread on a substrate 3 X 10~® 
molar in BaCh, 10"® molar in Michaelis’ Na acetate-Na veronal buffer, pH 7.4 
(11). Under these conditions Y layers are deposited. Castor oil was used to 
keep the monolayer under compression. 

The stearate was deposited, by varying the depth of dip of the slide, to give 
filnr; graduated in steps of two from 41 layers at the upper to 51 layers at the 
lower end. The purpose in building a stepped film for adsorption is to provide 
a series of bands of var>Tng reflecting power for polarized monochromatic light. 
By properly choosing the angle at which the film is viewed a pair of adjacent steps 
can be found of equal brightness. For an unconditioned film the 47 and 49 layer 
bands match in brightness for the Rs ray under sodium light at an angle of inci- 
dence of about 71°. On increasing the total thickness this angle increases. If 
the thickness increase is large a match may more easily be obtained between a 
pair of steps of fewer stearate layers. In calculating the total thickness increase 
this shift of the matched bands as well as the angle of incidence must be taken 
into account. Thicknesses were calculated from the following equation: 



in which T is total thickness, i the angle of incidence, X = 5893 A the average 
wave length of sodium light, and n = 1.495 the refractive index of barium stearate 
given by Blodgett (5). 

Conditioning of the surface for adsorption was accomplished by the improved 
Langmuir-Schaefer method (2) which consists of successive immersions for 30 
seconds in 10“’ molar thorium nitrate and dilute potassium silicate solutions fol- 
lowed by rinsing in distilled water and drying. 


The adsorbate was applied according to the follovdng technique: The slide was 
flooded with ii/15 Sorensen phosphate buffer solution pH 6.9; a few drops of the 
adsorbate solution were added; then the mixture stirred for 30 seconds by moving 
a glass rod, in contact only with the upper surface of the solution, bad; and forth 
across the slide. The preparation was rinsed first with m/ 15 phosphate buffer, 
then with distilled water and dried. AppUcation in this manner was repeated 
until the thickness became constant within the accuracy- of the method, that is 
to A, the equivalent of 0.5 degrees change in the angle of inddence at nffnimum 
reflectance of the monochromatic light. The ne-xt adsorbate solution was then 
applied by the same procedure. Wc have found it important to keep the compo- 
sition of the solution in contact with adsorbbg surface constant during the ad- 
sorption process in order to obtain consistency and reproducibility of thickness 
measu^ments. A possible cxplanaUon of this necessity b to be found m a recent 
paper by I..angmuir and Schaefer (12). 
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The Pneumococcus Capsular Carhohydrak-Antihody System 

Pneumococcus antibodies occur in the euglobuiin fraction of horse 
serum. When adsorbed on properly prepared slides an average 

TABLE n 

Reacliotis between Pneumococcus Specific Carbohydrates and Horse Antibodies 


For order of application, read do\vn 



Adsorbate 

Thickness increase 

A±3 


Adsorbate 


Series I 

Sill 






-2 


Series H 

AH Is 

4/ 

4' 



SI 



-2 






SIII 

( 




AHIj 

42 

50 

47 

56 

60 

48 

40 


AHIH 

-3 




SI 

-1 

1 

0 




0 


AH Is 

1 




SII 




-3 





SI 

1 

-1 



Sill 





-2 

-1 



AH Is 

17 

20 



AH I, 

36 

45 

62 

6 

8 

11 



SI 


0 



AH in 







3 


AHH, 


-1 



SI 

-7 


-28 






AH Is 


18 



AHIi 

64 


105 




48 






Series III 

SII 

-1 







Series IV 

AHHj 

43 

40 

37 


AH III 

46 

36 

40 

31 

29 




SII 

-2 

-1 

-2 


SI 




2 





AHIIj 

23 

25 

30 


SII 

3 

1 

0 






SII 

-1 

-2 

-2 


Sill 





3 




AHIi 

1 




AH III 

11 

4 

7 

4 

5 




AHH, 

46 

57 

46 


AHIi 



4 










Series V 

SHI 

2 













AHIH 

53 

49 

48 

50 










SI 



-2 


-1 









SII 




1 


1 








SHI 

-1 

-1 












AHIH 

45 

48 

6 

11 

51 

46 








Sill 


-3 












AH HI 


62 













Each column in each series represents a complete experiment. Blank spaces 
indicate no treatment with the corresponding adsorbate. 


thickness of 45 A was obtained with an average divergence regardless 
of sign from this value of 6 A. No systematic difference between the 
three types of horse antibodies was observ'ed. None of the three 
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carbohydrates gave measurable adsorbed films on the conditioned 
stearate. When applied to an Tmderlying layer of type specific anti- 
body, however, they produced changes in the surface, without signifi- 
cantly increasing the total thickness, which caused the adsorption of 
a second layer of the homologous antibody of approximately the same 
thickness as the first layer provided the antibody solution contained a 
sufficiently large percentage of specifically precipitable nitrogen. 


TABLE m 

Readions between Pneumococcus Specific Carbohydrates and Rabbit Antibodies 


For order of application, read down 



Adsorbate 

Thickncis increase 

A i 3 


Adsorbate 

Thickness increase 
Ad:3 

Series VI 

ARI 

15 

16 

33 

32 

Series \TI 

ARH 

15 

32 

20 

15 

12 


SI 

-2 

A 

1 



sn 

0 

2 

1 

1 

1 


SII 




2 


ARn 

6 

7 

6 

10 

10 


ARH 

1 

0 




sn 




2 

0 


ARI 


12 

29 

3 


ARn 




28 

36 


SI 


-2 


0 









ARI 


17 


21 








Scries VIII 

ARni 

15 

16 

20 

19 









sm 

0 

0 

0 

0 









ARH 



1 

2 









ARIH 

27 

29 

19 

20 









sn 



2 










ARII 



2 










sill 

-2 

C 

-2 










AR III 

41 

1 

2^ 

1 



1 






Each column in each series represents a complete experiment. Blank spaces 
indicate no treatment with the corresponding adsorbate. 


This “sandwiching” effect (Table II) can be carried to a third layer of 
antibody, but generally at this stage the deposition becomes irregular 
making thickness measurements difficult. It is e\'ident that the 
sandwich effect is specific from control e.xperiments in which all 
attempts to obtain cross reactions failed as seen in Table II. 

E\idcncc that the specific carbohydrates are not adsorbed on 
conditioned stearate surfaces from buffer solutions at pH 6.9 to 
produce even vciy- tliin layers is provided by the failure of any tj-pe 
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due to the fact that they applied whole immune serums to dry slides 
and to the possibility of adsorption from whole serums of large aggre- 
gates the existence of which have been reported by Goodner, Horsfall, 
and Bauer (IS). 

Molecular weights of proteins may be calculated, by the use of dis- 
symmetry factors, from the thicknesses of adsorbed layers assuming 
the layers to be only one molecule thick. However, because of certain 
features of this calculation the results should be interpreted cautiously. 
Thus, calculated molecular weights are extremely sensitive to varia- 
tion in measurements of the thickness of the adsorbed layer because 
they are proportional to the third power of molecular diameters. Also, 
axial ratios are very sensitive to variation in dissymmetry factors. 


TABLE IV 

Non-Specific Reactions 
For order of application, read down 


Series IX 

Series X 

Series XI 

Adsorbate 

Thickness 

increase 

A rfc 3 

Adsorbate 

1 


Adsorbate 


ARI 

15 


1 

AHIi 

1 42 

AH III 

24 


27 

AH III 

3 


Each column represents a complete experiment. 


Nevertheless we present the following comparisons, assuming that the 
adsorbed molecules are cylindrical and lie with their long axes parallel 
to the adsorbing surface. Kabat (16) has shown that pneumococcus 
antibodies are highly asymmetrical molecules having diss3TOmctry 
constants of 2.0 for horse antibody and about 1.5 for rabbit antibody. 
These values give from Perrin’s equation (17) axdal ratios of approxi- 
mately 1/20 and 1/10 respectively. Molecular weights calculated 
from these axial ratios and the average thicknesses of adsorbed laj’crs 
are for horse antibod}’’, 45 A thick, approximately 1,300,000 and for 
rabbit antibody, 20 A thick, approximately 57,000. The molecular 
weights given bj'' Kabat from sedimentation and diffusion constants 
are 990,000 for horse antibodj' and 157,000 for rabbit antibody. 
Making the same calculations with Shaffer and Dingle’s values, we 
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get for horse antibody giving adsorbed layers by their technique 240 A 
thick a molecular weight of 190,000,000, and for rabbit antibody with 
layers lOO A thick 6,700,000. Even if we assume that the molecules 
in Shaffer and Dingle’s experiments are oriented with their long axes 
perpendicular to the adsorbing surface, an unlikely situation, the 
calculated molecular weights are not in any better agreement with 
those of Kabat. Thus for horse antibody we get 23,000 and for rabbit 
antibody 6,800, values which are much too small. Adsorption of 
aggregates remains, therefore, as the only explanation of their results. 

Assuming the dissjnnmetry factor for antitoxic pseudoglobulin to 
be the same as normal horse pseudoglobulin, its molecular weight 
may be calculated by the same method. Using the factor 1.4 given in 
a paper by Svedberg (18) and the average thickness of adsorbed layers 
of 23 A, a molecular weight of 73,000 is obtained. The value given 
in Svedberg’s paper for normal horse senun globulin calculated from 
the sedimentation constant is 150,000. 

From Lundgren, Pappenheimer, and Williams’ data (10) the dis- 
symmetry' factor for diphtheria toxin was calculated as 1.25, and from 
Perrin’s equation this value gave approximately 1/5 for the axial 
ratio. Using this ratio and the average thickness of adsorbed layers 
of 33 A, the molecular weight of toxin was determined as about 120,000, 
which is in fair agreement with 72,000 given by these authors from 
sedimentation and diffusion constant measurements. Our thicknesses 
arc, therefore, m no way inconsistent with the present knowledge 
regarding molecular weights. 

Our experiments with the pneumococcus sj'stem would appear to 
give support to the lattice theory of antigen-antibody precipitin 
reactions of Marrack (19) and Heidelberger (20). In the protein 
systems studied by the quantitative precipitin method and in the 
ultraccntrifugc, no e%’idcnce has been obtained that antigen and 
antibody can unite in a proportion of more than one molecule of anti- 
gen per molecule of anUbody, although it is clear that many molecules 
of antibody can react with one of antigen (Heidelberger* 21). The 
sandwich effect obtained wth the pneumococcus system suggests that 
antiljody as well as antigen can be "multivalent”* in conformity with 
the views of Marracli and Heidelberger. 

Langmuir and Schaefer with one of us (1) have reported obtaining 
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with diphtheria toxin and antitoxin alternate adsorbed layers 36 A 
and 75 A thick respectively. They state that tire alternation can be 
continued indefinitely. Our value for adsorbed toxin is in good agree- 
ment with this, while our value for purified antito.xin on toxin is some- 
what less. As for indefinite alternation of layers we have been com- 
pletely unable to corroborate this finding. The most we could obtain 
was a layer of antitoxin on toxin but not the converse. A non-specific 
deposition might be the explanation of this discrepancy for Langmuir 
and Schaefer used a pseudoglobulin preparation onl}'^ 9.6 per cent 
precipitable by toxin, for their experiments. We have alread}'^ pointed 
out the necessity of using purified preparations and have shown tliat 
normal pseudoglobulin will deposit on toxin. 

SUMMARY 

By adsorbing antigens and antibodies on barium stearate multilayers 
immunological reactions at surfaces have been studied. 

Pneumococcus polysaccharide specific antibody systems using 
purified antibodies from both horse and rabbit sera were investigated. 
The polysaccharides failed to show visible adsorption, but by alternate 
treatment with antibody and polysaccharide several layers of antibody 
could be specifically deposited. 

With the diphtheria toxin-antitoxin system antito.xin was found to 
adsorb to layers of toxin but not conversely. The reaction, however, 
was not specific. 

Molecular weights calculated from the thickness of adsorbed pro- 
tein layers, using dissymmetry factors, rouglily correspond to molec- 
ular weights calculated from sedimentation and diffusion constants. 
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STUDIES ON THE SENSITIZATION OF ANIMALS WITH 
SIMPLE CHEMICAL COMPOUNDS 

VI. Experiments on the Sensitization op Guinea Pigs to 

Poison Ivy 


Bv K. LANDSTEINER, M.D., and M. W. CHASE, Ph.D. 

{From Ihc Laboratories oj The Rockefeller Institute for Medical Research) 

Plate 42 

(Received for publication, March 3, 1939) 

One of the open questions concermng skin sensitization of the 
“contact dermatitis” type to simple chemical compounds is in which 
way sensitivity spreads all over the integument when only a given 
area is treated. This subject has been considered in a paper by 
Simon (1) and studied experimentally. The skin of guinea pigs was 
treated with concentrated nitric acid in such manner that a complete 
belt severed the continuity of the epidermis. Poison ivy extract was 
applied on the posterior part of the animals and after 10 days the 
anterior and the posterior parts were tested; both halves were seen 
to be sensitive. According to the author the evidence “indicates that 
the route of distribution is not confined to the epidermis,” and suggests 
that the spread is due to distribution of altered allergen by the blood 
stream or the Emphatic system. 

Furthermore, Simon obsciA-ed that no significant difference exists 
in the degree of sensitivity between the area used for the sensitizing 
application and other parts of the skin, and by timed excisions found 
• that such removal of the treated area did not interfere with the general 
skin sensitization pro\*idcd it was performed later than 18 to 24 hours 
after the application of i\w extracts. He also found that EenEiti\dty 
was first seen after a latency- period of from 4 to 6 days. 

In contrast to the result of Simon, Straus and Coca (2) reported 
that in monkeys severance of the continuity of the skin some distance 
above the elbow and application of poison i\y extract to the forearm 
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resulted in sensitization of this part only and prevented general skin 
sensitization. The experiment was also performed in reversed fashion. 
In the authors’ opinion, their results suggest that the spread of 
sensitization is attributable “probably to a diffusion of the oily excit- 
ant through the oily substances normally present in the skin,” in 
harmony with a hypothesis previously advanced by Coca (3, 2). 

Similar results have recently been described in a preliminary com- 
munication by Schreus (4) who treated guinea pigs with dinitrochloro- 
benzene, a substance found in this laboratory (5, 6) to sensitize these 
animals. This author assumes spread by way of the intercellular 
bridges connecting the cells of the epidermis. 

Further investigation of the subject was desirable, particularly in 
view of the lack of agreement in the reported experiments. 

General Methods 

Male albino guinea pigs from healthy stock, caged separately, were employed 
in the experiments; since operative procedures were to be carried out, ratlier 
heavy animals were commonly selected (500 to 600 gm. weight). For uniformity 
as regards the period allowed for sensitization (10 to 14 days) a group included 
only the animals operated upon within a 3 day period, and these were tested at 
the same time; in instances of comparisons between differing methods, the opera- 
tions in question were done as far as practicable in alternation to avoid technical 
bias. All operations were conducted under deep ether anesthesia. 

Sensitizing Application . — Poison ivy extract Lederle,* supplied as a 12^ or 
13 per cent solution in acetone of extractives from RJius toxicodendron radteans, 
was used to sensitize guinea pigs by application to the skin on a clipped (frequently 
also shaved) site, spread evenly over a circular area 10 to 11 mm. in diameter 
with the tip of a thin glass rod. The doses ranged from 0.05 cc. of the undiluted 
extract to 0.025 cc. of a 1 : 5 dilution in acetone or less, delivered as a scries of 
micro drops (0.05 cc. = 10 to 13 drops) from a gauge 26 Luer needle with tip 
ground flat, attached to a 1 cc. Dewitt and Herz record (tuberculin) syringe where 
the amount discharged can be accurately controlled by a check-nut on the plunger 
shaft. Upon full evaporation of the solvent, an even, brownish, waxy film rc- ^ 
mained on the skin. 

Rather elaborate precautions were taken in the case of e.xperimental skin 
barriers to ensure that no ivy material could come into contact with other parts 
of the skin than the desired field. To this end, several layers of bandage gauze 
and an outer covering of crepe tissue paper were used to shield the body’, the site 

^ This material came to us through the courtesy of Dr. Arthur F. Coca of the 
Lederle Laboratories. It may be recalled that the active principle of poison ivy 
is urushiol, a catechol with a fifteen carbon, unsaturated side chain (c/. 6). 
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oJ application being exposed through a hole in the coverings, -which were firmly 
held against the skin, and likewise all instruments used after application of the 
i-vy extract were not handled again until they had been cleaned chemically (-with 
alcohol, and then with potassium permanganate) . Finally the deposit was covered 
with a 14 mm. square of cellophane (cut from cellophane tubing, each of the two 
adhering layers being about 0.002 inch thick) cemented to the skin, along its 
margin, by means of duo liquid adhesive (Johnson and Johnson); over this was 
afiixed a disc, about 30 mm. in diameter, of finely woven linen, the adhesive first 
being applied both to the periphery of the linen and to the skin outside the cello- 
phane patch. 

On the 4th or 5th day the ivy was removed, either, in early experiments, by 
cleaning the site -with olive oil and acetone and painting with aqueous perman- 
ganate solution, or by excision, in toio, of the treated skin and its protective cover- 
ings, as described below. 

Test for General Cutaneous Sensitivity . — On the 10th to 14th day following the 
original application of ivy extract to the skin, various areas were clipped -with an 
electric clipper, and on these sites single drops (approximately 1/60 cc.) of freshly 
prepared dilutions in 95 per cent alcohol of the extract were allowed to fall from a 
fine capillary pipette. The drops were at once spread with the tip of a thin glass 
stirring rod over an area about 10 to 11 mm. in diameter and dried in a gentle 
current of air from a small electric blower; the sites were marked by touching the 
centers wth the moistened tip of an indelible pencil. 

The highest concentration of ivy causing no, or occasionally a slight reaction 
■with normal animals was determined for each lot of extract (a 1 : 15 or 1:20 dilu- 
tion), and was applied to the flank and to 2 sites on the back while areas close 
to these were tested -nilh half the concentration (sec Figs. 1,2); and one-half and 
one-third concentration were used on the belly. 

First readings were taken 24 hours later, some time after the sites had been 
cleaned with pledgets of cotton wet with acetone; second readings were made the 
day following. With the most sensitive animak, the reactions are strongest at 
24 hours, but then turn brownish and begin to fade, while animak of lesser sensi- 
tivity may exhibit higher reactions at the second reading. In our experience, 
there was no difficulty in recognizing the difference between even moderately 
sensitized animak and normal controk similarly tested. 

The intensity of the reactions was designated as follows: -f-f-f-f, pink or 
dark pink, sometimes slightly elevated; -}--l--b, pink, but either somewhat pale 
or macular; -f-f, between faint pink and pale pink in color; -f, faint pink; i, 
faint pink ring; tr., trace; f.tr., faint trace. 

EXPEPOHEKTAL 

In order first to determine, under the conditions of our e.xperiments, 
how long the active material must remain in contact with the skin to 
induce hv-persensitiveness. and the length of the latcncv- period before 
sensitivity appears, experiments similar to those of Simon (1; cf. 7) 
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were made. As regards the first question, sensitization was found to 
result if the treated area was extirpated later than 8 to 12 hours fol- 
lowing the application (Table I). 

TABLE I 
Composite Table 

Sensitization with poison ivy extract in relation to the excision of treated skin 
areas at different times (see text). The readings recorded were made 24 hours 
after application of the test doses on the 11th day; also observations at 48 hours 
are given (within parentheses) when there was an increase over the earlier reac- 
tions. 
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vatlun the ring vras exposed; on this site 0.03 cc. poison ivy extract put on a 
circular area approximately 12 mm. in diameter. Upon ev'aporation of the 
acetone the residue rvas covered by a 14 mm. square of cellophane cemented at the 
comers to the skin and above it a linen disc 26 mm. in diameter vras attached 
similarly to the linen ring. Cardboard collars (adapted from (8)) -svere fixed 
around the neck to keep the coverings undisturbed. After varjdng intervals the 
skin bearing the ivy and coverings vras excised 1 to 2 mm. beyond the linen ring 
(with anesthesia); in this way not only the ivy-treated area but also a wide margin 
(8 to 11 mm.) outside vras removed and the defect was dressed with thymol 
iodide. The animals were tested for sensitivity on the 11th or 12th day. 

The somewhat shorter period of contact as compared with that of 
Simon possibly is due to the use of a larger dose of ivy extract or to 
some other technical difference. The necessary time of contact may 
be that required for absorption of a sufficient quantity of the incitant 
(which would vary according to such conditions as the amount and 
size of the treated area) or possibly an interval during which some 
chemical process takes place in the skin. 

In our experiments on the latency period, hj'persensitivity became 
manifest to tests made 5 days after the ivy was placed on the skin. 
Remarkably, the onset was quite regularly sudden with well developed 
reactions to the larger test dose present at the 24 hour reading and in 
tests made after 6 days the reactivity already was maximal (Table 11). 

The sudden appearance of hiTjersensilirity was further emphasized by the 
coincident and equal reactivities seen on the 6th day to the applications of the 
5th day (one day reading) and the 4th day (48 hour reading), the latter hav-ing 
produced no significant reaction at 24 hours. 

As pointed out before, the main issue of our investigation was rather 
the question whether an epidermal pathway is a necessaiy- condition 
for the spread of sensitri-ity from one site to the whole body. In the 
first experiments, an area of skin on the back was isolated during deep 
anesthesia by means of a circular cauterj’ bum roughly 5 mm. wide 
and deep enough to destroy the epidermis with certainty {cf. 1), and 
then was treated with i\y. The site was covered to avoid mechani- 
cal transfer and after 4 to 5 days was carefully freed from the incitant, 
or the whole isolated area was excised. When the animals were tested 
6 to S days later, all were definitely hypersensitive, in varjnng degrees. 
\\ lule this experiment in agreement with Simon’s appeared to show 
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that interruption of epidermal continuity did not prevent general 
sensitization, we desired to attempt the experiment under more rigor- 
ous conditions. For this purpose a deep circular cut down to the 
muscles of the trunk was made on the back (or flank), thus isolating 
an island of skin, the edges, through contraction, being separated by 
a wide gap. By excision of additional strips of skin, depending upon 
the location, the gap was made uniformly wide (7 mm. or more). 


TABLE n 


Latency period preceding hj^jersensitivity to poison ivy. 0.05 cc. e.\tract was applied to the sacri 
region and left for 4 days, covered with cellophane and linen patches; tlie residue then was remove 
with solvents and the site swabbed with KMn 04 solution. Test applications on tlie back were mad 
at the times noted after the ivy was placed on the skin, and concomitantly on additional animals a 
controls; the test doses were removed on the succeeding day. The table shows the 24 hour rcadinf 
of the reactions to both dilutions, 1:20 and 1:40, separated by the slant line. 


Reactions to ivy extract applied at stated intervals following the primary administration 



48 hts. 

3 days 

4 days 

5 days 

6 days 

21 

0/0 

f.tr. * / 0 

tr. /O 

± /O 

++++ / ++ 

22 


0/0 

0/0 

++++ / +++ 

++++ / ++ 

23 


0/0 

0/0 

++++ / +++ 

++++ / +++ 

24 


0/0 

0/0 

+++/ + 

■+•+++ / +± 

25 


tr. • / 0 

tr. /O 

+++ / + 

++++ / +++ 

26 



f.tr. • / 0 

+++ / tr. 

++++ / +++ 

27 



f.tr. * / 0 

-l-++-t- / + 

++++ / +++ 

28 




+ /0 

++±/± 

29 




+-f-/o 

+++/ + 

30 




± / tr. 

++++ / +++ 

31 





+++/± 

32 





++++ / + 

33 






34 







7 days 


++++ / +++ 
-!•++/ + 


-i-+++ / +++ 
++++/+++ 
++±/ + 
+++/ + 
+++ / ++ 
++++ / ++± 
+++/ + 
+++/++ 
+++/ + 
++++ / ++++ 


jLJiese reacuons were less, or not greuter ujun luuse cAiiioueu uy ujiu ui. ^ 

tested at the same time; on the average, about half of the controls showed trivial reactions (f.tr. or tr.J 
to the higher concentration. 


With this technique the results were now different, sensitization being 
obtained in some cases but inconsistently and, with few exceptions, of 
low degree. In order to obtain more decisive results, several different 
procedures were tried. Finally definitely positive or negative sensiti- 
zation effects across a dermal barrier were obtained almost regularly, 
depending upon whether or not the thin muscle layer underlying the 
cutis, the panniculus carnosus, was severed as well as the skin. A cut 
was made upon the flank circumscribing an area of skin; poison iv>’ 
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extract was applied, in the center of this area, which then was carefully 
covered to prevent transfer of the active material to other parts of 
the integument. 4 or 5 days later the skin island, together with the 
protective coverings, was removed. By inspection it was easy to 
make sure at this time that no appreciable epithelial growth had 
taken place and that the edges of the epidermis were still wide apart; 
fhi;; macroscopic observation was confirmed by histological examina- 
tion. Between the 10th and 14th days the animals were tested on 
various sites (see Figs. 1 to 4). The operations described were well 
tolerated, and within the 14 day period there was an actual gain in 
weight, averaging from 15 to 40 gm. with the different groups of 
animals. 

The procedures will be described in some detail because they are of impor- 
tance for obtaining clear cut results. 

Flank Islands with Panniculus Carnosus Intact . — ^The position of the desired 
island was sketched with pencil on the clipped and shaved left flank, with the 
guinea pig in resting posture; after the animal under ether anesthesia had been 
fixed to the board on its side so as to maintain a right angle between trunk and 
extended hind limbs, rsithout displacement of the loose flank skin, the outline 
was completed with the help of an ovoid stencil, 43 mm. by 37 nun. along the 
axes. (It might prove possible to make use of smaller islands in this type of 
experiment.) In an animal of about 550 gm. weight, the anterior midpoint of 
the line was, for instance, about 15 nun. posterior to the scapular angle. A 
second line was then drawn, to give a nearly rectangular figure, situated outside 
the first by 5 mm. at the dorsal and ventral midpoints, 6 to 7 mm. at the anterior 
and posterior midpoints, and separated by as much as 10 nun. along the diagonal 
diameters midway between dorso-vcnlral and antero-posterior diameters. (This 
technique assists in obtaining an island of circular shape, and a uniform width in 
the denuded ring.) 

After the flank was sponged with alcohol, shallow incisions were made along 
both lines and carried cautiously down towards the panniculus carnosus, which 
appears as a grayish layer below the firm white connective tissue; the intervening 
skin was then carefully and sharply dissected from the panniculus, the procedure 
being facilitated by use of a binocular loupe. The field of dissection was kept 
moist with wet dressings, to reveal any residual bridges of dense connective tissue. 
Relatively little bleeding occurred. Upon contracUon, the skin thus isolated 
becomes a nearly circular i.shnd of about 35 mm. diameter, surrounded by a ring- 
shapetl defect about S mm. wide (Figs. 4, 5). WTen corrccUy done, which requires 
attention to detail, the operation wiU leave patent for the greater part the lymph 
ycs<clf extending across the panniculus, as m.ay be csidenced by intracutaneous 
injection into such islands of solutions of dyes (9) r.£., ponUmine sky blue 6 B. 
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With the body protected against accidental contact, the ivy extract was applied 
to the center of the island in the manner described previously; then thecellophane 
and hnen coverings were cemented to the island over the ivy material. 

The wound was kept dry and clean by appl3''ing thymol iodide (Merck); this 
treatment was repeated several times, and thereafter once daily. 

The claws of the hind feet were covered with boots of adhesive tape and, be- 
sides, the animals were prevented from disturbing the bandage by attachment of 
a cardboard collar or, preferably, by the following device: by means of a strip of 
cotton twill tape attached to an adhesive tape band around the right thigh and 
then affixed to a collar of iron wire covered with soft rubber tubing, worn around 
the neck, the leg was advanced toward the neck sufficiently to keep the trunk bent 
slightly sidewise, away from the flank island. This arrangement, maintained 
until subsequent excision of the islands, prevented narrowing of the defect and 
kept the cut surfaces from adhering, without otherwise interfering with the free 
movements of the animal. The isolated skin was surrounded by an even, circular 
moat, which remained dry (but for exceptional bleeding) and in which a crust 
appeared about the 3rd day. Frequent inspections were made, and occasion- 
ally blood clots or dried exudate were removed. (In the early e.xperiments 
where cardboard collars were employed, free movements of the flank some- 
times led to a sticking together of the opposing cut surfaces: whenever this 
occurred, the animals were withdrawn from the experiment.) 

Flank Islands with the Pannienhts Severed . — The location of the islands and the 
stencil used were the same as described above. The incision was extended down- 
wards through the panniculus, whereupon the muscle contracted to give a gaping 
moat. Consequently, only narrow (3 to 4 mm.) strips of skin opposite the anterior 
and posterior margins of the island had to be removed in order to secure the same 
outer diameters of the ring (about SO by 50 mm.) w'hich obtained in the opera- 
tions where the panniculus was left intact. Blood vessels were tied off when 
necessary. The isolated skin areas thus created measured about 29 mm. along 
the antero-posterior axis and 32 mm. dorso-ventrally (Fig. 3). (When dye is 
injected intracutaneously into such islands, it infiltrates tlie tissue and in some 
measure oozes out into the moat.) Application of ivj' extract, protective cover- 
ings, and postoperative care followed the procedures in the section above; to be 
emphasized is the collar-to-leg method of restraint in order to maintain an even 
and dry moat despite the loose connective tissue betw'cen panniculus and trunk 
muscles. (By frequent application of thymol iodide, the wound dries satisfac- 
torily', although a small area along the ventral surface may remain moist for a 


day or tw'o.) 

Excision of the Islands . — On the 4th day, exceptionally on the 5th, the hair 
near the island was clipped and, with the animal under deep ether anesthesia, the 
isolated skin with ivy material and coverings undisturbed was removed by 
dissection, usually sparing the panniculus camosus. Vessels were clamped 
off and tied. Finallj', the whole area was packed with thymol iodide and covered 
with sterile cotton cloth, which was cemented to the skin. In the case of the 
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islands where the skin muscle had been cut, there was edema by the 2nd or 3rd 
day, and during exdsion free fluid was present; the panniculus itself and the im- 
derl>’ing tissues appeared thickened. 

From the results of the two sorts of operations (Table III a), it is 
seen that of 25 guinea pigs in which an area of the skin had been iso- 
lated with severance of the skin muscle and the superficial Ijnnph 
vessels, only two attained a marked degree of sensitivity and a few 
others gave some evidence of a slight sensitization; where the pan- 
niculus and the Ijnnphatic trunks passing over its surface were spared, 
however, and this despite the need of care in the operation, aU of the 
25 animals became sensitive, almost regularly in high degree and 
comparable to the sensitization elicited by like treatment of normal 
animals (treated vdth group D, Table III a); one showed a low grade 
sensitivity and some a moderate h>’persensitiveness. It will have 
been noted that a large dose was selected for the sensitizing application 
in these experiments (0.03 or 0.05 cc. of undiluted ivy extract) ; by this 
means the demonstration of the difference between the two operations 
was made more striking, but a large amount was not necessary, for 
smaller doses of ivy extract applied to the skin islands with intact skin 
muscle were sufficient to sensitize (Table III b). 

It will be clear that the positive results can meet with no objections 
on technical grounds, particularly the possibility of contamination of 
the skin outside the island, a matter necessarily to be considered with 
so highly active a substance. Apart from the elaborate precautions 
taken, the two tj’pes of e.xpcriments were made in alternation and 
with identical technique (e.xcept for the difference in the cutting), 
and furnished con\'incing controls for one another. 

It should be noted that a not inconsiderable percentage of positive sensitiza- 
tions v.as obtained, in most cases, as mentioned, not of high degree, when “deep” 
cuts were made in other locations (principally on the back) than the one described; 
from some e.xpcriments with dye injections we are inclined to believe that this mav 
be due, at least in part, to incomplete interruption of l>-mph passage. 

Straus and Coca (2) as well as Schreus (4) have reported that in their c.rpcri- 
ments treatment of isolated parts of the skin resulted in local sensitization. In- 
deed that such a condition can occur seems evidenced by certain clinical esperi- 
ences. Our somewhat limited attempts to achieve a local sensiti-.nty restricted 
to a segreg-ted area have so far not wielded a definitely positive result; we ob- 
t.ained cither no sensitization at all, or a h>-pcrsensitivcr.c;s which included the 



TABL5I 

Sensitization in relation to a skin defect encircling the site of application of poison iv 3 ’ on 
severed as -well. The islands of treated skin were excised on the 4th (rarely the 5th) day, 

A, 0.03 cc. ivy extract No. 1 was applied to the isolated skin, and the animals were finally tested ' 
No. 2 was used for sensitization, and dilutions of the same extract were employed for the tcsb, r-ia!; , 
on two regions of the skin are shown in the table, the readings recorded being those made at 24 and4:;EectiveI)-, 


Interval 
No. before 
test 


Ivy applied to skin islands, panniculus carnosus intact 


Ivy applied to jll* 


Reaction on dorsum 

Reaction on flank 

1:20 

1:40 

1:20 

1:40 






Interval 
No. before 
test 


+. +++ 
++. ++++ 
++. +++ 
++++. +++ 
+++. +++ 
+++. +++ 


rfc, rf: 

±, ± 

±, ++ 
+++, ++ 
±. ± 

+++. +++ 


+++ 

+. ++ 
+++, +++ 
+i +++ 
+++. ++ 


0, tr. 
tr., tr. 
tr., + 
±. ++ 
±, ± 
++, ++ 


++++. 

++++, 

++++, 

++++1 

++++, 

++++. 

I +++. 


++++ 

++++ 

++++ 

++++ 

++++ 

++++ 

++ 

++++ 


+++. 

++++, 

++++, 

++++, 

++++, 

++++. 


+++, 

++++. 

+++, 

++++, 

++. 

++++. 

tr., 

+++, 


+++ 

++++ 

++++ 

++ 

dz 

++++ 

++++ 


+++. ++++ 
++++. +++ 
++. +++ 
++++, +++ 
++++. ++++ 


+++ 

++++ 

++++ 

+++ 

++++ 

++++ 


++. ++± 
++++. +++ 

. 0, tr. 

++++, +++ 
++++, ++++ 

+1 + 

+++> +++ 
+++, +++ 
+++, ++ 
++++. +++ 
++++. +++ 


+++, +++ +, +++ 
+++. +++ +++, +++ 
++++, +++ +++, + 
++++. ++++ +++. +++ 
++I ++ ±1 ± 

+++, +++ +++, +++ 

±, ± 0 , 0 

++++, ++++ ++, ++ 

++++. ++++ I ++, ± I 

++++t ++++ ++++, ++++ 


+++ 

+++ 

+++ 

++++ 

++ 

+++ 

++++ 


±. ++ 

++++, +++ 


0,0 

++++, +++ 


++++•» ++++ 1 ++++, +++ 


+++, +++ 
+++, ++++ 


++, ++++ 
+, ++ 


++++,++++ ++++,++++ 
++++,++++ ++++,++++ 
++++, ++++ ++++, ++++ 


+++. +++ 


+++, +++ 


±.± 
±,+ 
tr., Ir. 
+,+++ 
f.tr., Mr. 

0, f.tr. 

0, ti. 

Grc 

±,tr. 

±, ± 
tr., Mr. 

+. ++ 
Mr., f.tr. 

Gro' 

tr., 0 
Mr., 0 

+++. +++ 
Mr., 0 
tr., 0 
tr., tr. 
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tia 

ik, (o) when the <;kin muscle is not involved in the operation, and (&) when the skin muscle is 
en the 10th and 14th days the guinea pigs were tested for general hypersensitivity. With group 
Ih various dilutions thereof; on the remaining animals (groups B, C, D), 0.05 cc. ivy extract 
itreated animals were included as controls with each lot of guinea pigs tested. The reactions 
hours respectively. 
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isolated area to which the substance (hw extract, 2:4 dinitrochlorobenzene) had 
been applied, and the whole integument as well. Furthermore, when poison i\y 
was applied to a site of the intact skin and tests were made after a suitable inter\'al, 
the intensity of the reaction on the treated site was if at all onty slightlj* stronger 
than elsewhere (cf. 1). 

A counterpart to the experiments described is the sensitization of a segregated 
skin area (made by a "deep” cut on the flank) when the active agent is adminis- 
tered on another part of the skin. Since under these conditions the island can be 
sensitive also, the spread through the circulation either of the allergen, probably 
transported in a changed state, or of antibodies is indicated. The reactions on the 
island were relatively weak, which may be due to alteration of the tissues. These 
experiments bear some relation to the “belt operation” of Simon (1). 


TABLE ni6 

Same as Table m a, except that a smaller amount of m' extract was applied to the skin islands 
(0.025 cc. of a 1:5 dilution in acetone of ivj' extract No. 2). The animals were tested on the 10th or 
11th days with dilutions of the same extracL 


Ivy applied to skin islands, panniculus carnosus intact 



Reactions on dorsum 

Reactions on flank 


Reactions on dorsxun 

Reactions on flank 

No. 

Dilutions 

Dilutions 

No. 

Dilutions 

Dilutions 


1:15 

1:30 

1:15 

1:30 


1:15 

1:30 

1:15 

1:30 

no 

-t— b-bt -b+-b+ 

-b-b. -b-b-b 

-b. -b-b 

±. + 

116 

tr., tr. 

0,0 

tr., i 

0, tr. 

in 

+-b-b, -b++-b 

-b-b-b, -b-b-b-b 

-b-b-b, -b-b-b 

■b.+ 

117 

f.tr., 0 

0, 0 

0, 0 

0, 0 

112 

+-b-b, +-b+ 

tr., tr. 

-b, -b 

±, =b 

ns 

tr., tr. 

0. 0 

tr., i 

tr., f.tr. 

113 

+++, -b-b-b-b 

-b-b, -b-b 

-b-b-b-b, -b-b-b 


119 

i, tr. 

0, 0 

0. 0 

0, 0 

in 

++ 

Ir., 0 

±, ± 

tr.,i 

120 

tr., tr. 

tr.. f.tr. 

±, -b 

tr.,0 

115 

-b-b-b-b. -b-b-b-b 

-b-b-b. -b-b 

+-b-b, -b-b-b 

-b-b-b, -b-b 







Controls 


We next proceeded to investigate whether a cut through the skin 
and the superficial muscle -would also interfere with anaphylactic sensi- 
tization to a common protein antigen if injected intracutancously 
into the isolated area. Actually this was the case ■v\'hen small doses 
(0.00005 cc., 0.0002 cc.) of horse serum w^ere used (Table IV); with 
larger amounts (0.0006 cc. or more) such an effect did not occur. This 
may show that there are other ways by which high molecular sub- 
stances can be distributed from a skin site than the lymphatic vessels 
that were severed along witli the skin muscle in our e.vpcriments; 
indeed this idea may be considered for the infrequent instances of 
positive sensitization with iw from flank islands similarly isolated. 

The positive results just mentioned -with large doses of horse serum 
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may possibly be ascribed also to leakage of some of the protein into the 
defect from the cut lymphatic trunks. For it was seen that when 
diluted horse senun (0.0025 cc. contained in 0.3 cc.) was applied with 

TABLE IV 

Hindrance by a defect in skin and panniculus of anaphylactic sensitization to 
horse serum injected intracutaneously in small amounts. Skin islands on the 
flank with severance of the panniculus camosus, as described for poison ivy, were 
prepared in guinea pigs weighing between 450 and 500 gm., and 0.1 cc. of diluted 
horse serum was injected intracutaneously into the center of the isolated skin or 
in the corresponding position on normal animals as controls. The islands, to- 
gether with underlying panniculus, were excised on the 4th day. After 21 or 25 
days the animals were injected intravenously with 0.3 cc. of horse serum con- 
tained in a volume of 1.0 or 1.5 cc. Figures in parentheses indicate change in 
temperature (°C.). 


Injection into stin islands, panniculus severed 

Controls 

Ko. 

Intravenous injection ol horse serum 

No. 

Intravenous injection of horse serum 


Sensitization svith 

0.0002' 

CC. serum 

12t 

No symptoms (-1-0.3) 

127 

Severe shock, recovered (—1.2) 

122 

Slight symptoms (—1.4) 

128 

t 9 min.* 

123 

“ “ (-1.0) 

129 

|4 “ 

124 

Severe shock, recovered (—2.8) 

130 

13 •• 

125 

No symptoms (-1-0.5) 



126 

“ “ (-1-0.9) 




Sensitization with 0.00005 cc. scrum 

131 1 

No symptoms (—0.4) ! 

138 

Moderate to severe (chronic tv-pc) 

132 

Very slight symptoms (-1-0.3) 


(-3.5) 

133 

Slight to moderate symptoms 

139 

t 4 min. 


(-0.5) 

140 

Slight to moderate symptoms 

134 

No symptoms (-1-0.S) 


(-2.3) 

135 

" “ (-0.5) 

141 

t 4 min. 

136 

“ ■■ (+1.0) 

142 

t3 “ 

137 

Slight sjTnptoms (—0.4) 

143 

Severe symptoms (chronic tv-pc) 




(-3.5) 



144 

t 3 min. 


• The s\Tnbol t signifies death; the autopsy findings were t>-pical in all cases, 


a glass rod, slowly and with pauses, to the fresh wound surrounding 
flank islands that were made with severance of the panniculus car- 
nosus, anaphylactic sensitirity frequently ensued, although not always 
with acute lethal shock (subsequent reinjection of horse scrum as in 
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Table IV). It should be noted that the 0.0025 cc. amount used 
constitutes a rather large dose. 

Similar exploratory experiments were then undertaken with another 
sensitizing substance of known structure, namely salvarsan (10), which 
induces skin sensitivity of a type different from the contact dermatitis 
of poison ivy. Here again, the barrier proved effective, for sensitiza- 
tion did not ensue when 0.15 mg. of salvarsan in 0.1 cc. was injected 
intracutaneously into flank islands (with the panniculus severed) ; the 
islands were excised on the 4th day, and tests for dermal sensitivity 
were made after 3 to 4 weeks by intracutaneous injection of a like 
amount. 

DISCUSSION 

From the experiments made in guinea pigs, which still leave 
problems for further investigation, the conclusion seems ines- 
capable that continuity of the skin is not required for the develop- 
ment of general dermal sensitization to simple chemical compounds, 
since a broad defect in the entire thickness of tlie skin surrounding the 
area to which ivy extract is applied does not prevent hypersensitivity 
all over the skin. The significance of the question is clear from the 
literature reviewed. That there are differences as regards the route 
of distribution of the agent in various species would in our opinion 
seem quite improbable. 

It is true that a “deep’’ cut down to the muscles of the trunk, made 
as described, inhibited sensitization almost regularly, and in this 
respect there is conformity with the results reported by Straus and 
Coca (2) for monkeys, and recently by Schreus (4) for guinea pigs. 
But upon a change in the experimental conditions the outcome was 
strikingly different, that is, when a strip of skin 5 to 10 mm. in width 
and comprising the whole thickness was excised in such manner as to 
spare the underlying skin muscle. The fact that the results differ 
depending upon the integrity of this muscle is apparently referable 
to the location of the l}Tnph vessels draining the skin on the surface 
of the panniculus camosus, with the consequence that cutting the 
muscle layer interrupts the Ijinphatics.* This can be demonstrated 

- The anatomy of these vessels and the l>Tnph nodes in the guinea pig arc well 
described bj’ Keller (11) whose drawings picture the superficial ramification of the 
b'mph vessels. In this connection wc may quote the conclusion of McMastcr (12) 
that “cvcr>’ intradermal injection is truly intralymphatic.” 
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by injecting intracutaneously into a freshly isolated island a solution 
of a colloidal dye, such as pontamine sky blue 6 B, for when the muscle 
is severed the dye chiefly is held locally, penetrating into the connective 
tissue, and to some extent oozes out from the severed lymph vessels; 
whereas, if the muscle is left intact, one sees the dye streaming across 
the moat through the lymphatics, and shortly the superficial and even 
the deeper regional l)miph nodes are found upon dissection to be blue.* 
Concerning the reasons for the interference with sensitization 
through severance of the lymph vessels, the most obvious is preven- 
tion or hindrance of transportation of the active material, if the latter 
is not such as to pass easily into the blood stream. In this respect it 
may be pointed out that sensitizing substances of simple constitution are 
probably in many instances not carried as such but rather in the form 
of some sort of conjugates 6), and indeed some of the compounds 
by their very instability (diazomethane (13), acyl chlorides (6)) must 
react rapidly when brought into contact with tissues; with poison ivy, 
as Simon (1) has reported, and this holds in our experience for other 
sensitizers of simple chemical constitution, direct introduction of the 
extract into the blood stream fails to induce skin hypersensitivity, 
from which fact he suggests that the active agent, if it is distributed 
by the blood, must have undergone some prior transformation. 

In support of mechanical causes in preventing sensitization from 
skin islands isolated by a ^‘deep” cut are experiments which show 
that anaphylactic sensitization by proteins, when one injects not too 
large amounts into such islands, also is definitely impaired (Table W)- 
Aside from hindrance to Ijunph flow, loss of some of the protein by 
leakage into the wound will occur, as with dye injected intracutane- 
ously into the island.* WTiether much effective antigen is lost in this 
way is doubtful for dilute horse serum placed on the freshly made 
circular defect is in some measure taken up, since anaphylactic 
sensitization resulted from this treatment. 

In the case of c.xpcrimental hy sensitization, there are in all prob- 
ability factors additional to those which operate in the experiments 

’ W'c arc indebted for this technique to Drs. Austin L. Joraer and Philip D 
McMasicr. 

* In the experiments on poison ivy. with animals suitably restrained from 
activity, the base of the opc-mted area remained dry and therc'vras no indication 
of fcc;iacc from the cut ciigcj. 
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with proteins, for with poison ivy, despite the use of an excess of ivy 
left in place on the isolated skin of such islands for several days, we 
find not merely a decrease in sensitization but in most cases nearly 
complete inhibition. That an essential difference exists in the mecha- 
nism is indeed known since proteins sensitize by any route while in 
order to induce skin sensitization towards simple compounds applica- 
tion of the incitant to or into the skin plays a special but probably 
not entirely mandatory,® role. It is of interest that with a substance 
neither protein nor fat-soluble, salvarsan, sensitization was also seen 
to be entirely prevented following intradermal injection into an island, 
and here the resulting sensitization is not of the contact dermatitis 
type. 

Why in the case studied of hypersensitiveness to poison ivy free 
lymph circulation is a necessity for the sensitization process we are 
not in a position to say. The existence of the highly developed lymph 
system of the skin (15, 9) may come into consideration,® and also the 
altered state of the tissues in the skin island {cf. 8), as evidenced by 
a rather persistent edema; yet there well may be involved a disturbance 
of a special mechanism which is still unknown. A unique importance 
of the lymph glands themselves cannot be concluded without specific 
evidence, in view of other immunological knowledge, although the 
importance of these in the production of certain antibodies was demon- 
strated in experiments of McMaster et al. (18, 12). 

To some extent the special conditions obtaining in the skin seem 
to play a part in sensitization with common protein antigens also. 
Thus Sulzberger (19) observed that the minimum amount of horse 
serum needed for anaphylactic sensitization was smaller when adminis- 
tered by the intradermal than the subcutaneous route, a result which 
we were able to verify in more extensive tests, although the ratio of 
the minimum doses varied from one experiment to another. 

The production of a local sensitivity by application of ii^ to an 
island has so far not succeeded, and the question may still be open 

® Experiments in progress appear to show that a dermal sensitization may be 
induced bj' intraperitoneal injection with the aid of adjuvants, c.£. with picryl 
chloride (vide 14) and killed tubercle bacilli. 

® As regards peculiarities of the immunological r61e of the skin tissues, see 
(16, 17). 
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whether the process of sensitization can be completed in or by the 
dermal tissues alone; on the other hand, a part of the skin isolated 
with interruption of the lymphatics can take part in the general sensi- 
tivity produced upon treatment of the skin outside, and this is 
hardly to be explained otherwise than by the intermediacy of the 
blood stream. 

SUMMARY 

Experiments are described on the latency period in sensitization to 
poison ivy and on the time necessary for the agent to remain in contact 
with the skin. The chief matter of investigation concerned the man- 
ner in which the whole skin becomes sensitive following treatment at 
a particular site, and especially whether this is effected by way of 
the epidermis. 

Two methods were used to interrupt the continuity of the skin, 
one by cutting through both skin and the imderlying thin muscular 
layer, the other by removing a strip of skin so as to spare the skin 
muscle. These procedures led to different results when poison ivy 
extract was applied to the areas thus isolated. In the first case, sensi- 
tization was mostly prevented, whereas with the second method gen- 
eralized hypersensitiveness occurred almost uniformly. 

An explanation is to be found in the severance of the Ijnnph vessels 
lying on the surface of the muscular layer, pointing to the necessity 
of a free lymph passage. On the other hand the experiments prove 
that general sensitization is not dependent upon maintaining the 
integrity of the skin around a treated area. 

An inhibition of sensitization by incisions extending through the 
panniculus camosus was seen to some extent in anaphylactic sen- 
sitization u-ith protein antigens, namely when sufficient!}' small 
amounts were employed. 
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EXPLANATION OF PLATE 42 

Fig. 1. Test for hypersensitiveness on the 14th day after operation (and ivy 
treatment) as shown in Fig. 3, with two different concentrations of ivy extract. 

Fig. 2. Similar test after the operation as shonm in Fig. 4. 

Fig. 3. Isolated area of skin on the flank, with severance of the panniculus 
carnosus, after applying poison ivy and dressing. 

Fig. 4. Skin island as above, but with panniculus carnosus spared. 

Fig. 5. Section across the marginal part of the skin defect made as in Fig. 4. 
The skin muscle is intact and is covered on the larger (central) part with only a 
thin layer of loose connective tissue. X8. 





ELECTROPHORESIS OF ANTERIOR PITUITARY PROTEINS* 
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The hormones produced by the anterior lobe of the hypophysis 
appear to be proteins. Consequently, the chemical methods employed 
for the extraction, separation, and study of these hormones are the 
methods of protein chemistry. The questions arise as to whether 
the preparations thus obtained satisfy the criteria of homogeneity, 
whether the various hormones exist in the gland tissue as chemical 
individuals or whether they are split off from a “master molecule” 
in the course of the preparation. It would seem that these problems 
might profitably be attacked by physical-chemical methods of the 
type of size analysis by ultracentrifugation and ultrafiltration, and 
studies of the behavior in an electrical field. The latter techniques 
possess advantages over the more drastic chemical methods. 

The present experiments attempt to apply the moving boundary 
method of electrophoresis, with optical observation by the Toepler 
schlieren method, to this problem. The results afford a first orienta- 
tion in a highly complex system composed of a number of phj'siolog- 
ically active and inactive proteins. The data illustrate the applica- 
bility of the technique to the study of tissue c.xtracts and of purified 
fractions isolated therefrom by chemical methods. In this respect the 
present experiments supplement the recent work of Tiselius (1-4) who 

• The expenses of this investigation were defrayed by grants from the American 
Academy of Arts and Sciences, the Chittenden Fund of Yale University, the Com- 
mittee on Therapeutic Research, Council on Phannac>' and Chemistry-, Ameri- 
can Medical .Association, and the Fluid Research Fund of the Yale University- 
School of Medicine. 

•* Holder of National Research Co-andl Fellowship in Medicine durinc 1936- 
193S. 

*‘* Holder of .Alexander Brown Coxe Fellowship daring 1937-1 93S. 
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has demonstrated the value of electrophoretic analysis in the study 
of blood sera, serum proteins, and specific antibodies. 

EXPERIMENTAL 

Apparatus 

The general arrangement of the electrophoretic apparatus employed 
in the present study is that described by Tiselius (1,5). Inasmuch as 
the apparatus incorporates a number of minor modifications, and in 
some respects is simpler than the original apparatus of Tiselius, a 
short description will be given. 

The parts composing the optical tract for analysis by the Toepler schlieren 
method (6) are indicated in Fig. 1 which is a schematic representation of the 
entire arrangement. The insulated tank in which the electrophoresis cell is im- 
mersed has a capacity of about 100 liters. It is kept close to 4° by an electrolux 
gas refrigerating unit (SO kcal./hours capacity) and a circulation system filled 
with SO per cent alcohol. The motor-driven stirrer and the circulation pump are 
mounted on a Lally column placed on a sheet of rubber packing, thus preventing 
the transmission of vibrations to the electrophoresis cell. The light source and 
the camera are mounted in a similar manner. The light source is a Bausch and 
Lomb microscope lamp equipped with a special iris diaphragm and a rack and 
pinion drive for the first condenser lens (B in Fig. 1). The schlieren lens, E, is 
mounted on a sturdy bracket, supported by the table carrying the water tank, and 
in such a manner as to be very close to the double window of the tank (100 mm. 
free diameter). The camera consists of two lengths of heavy waUed brass tubing 
turned to ensure a sliding fit. The electrophoretic diagrams are recorded on 
standard 35 mm. Eastman positive film contained in a Leitz eldia printer. The 
latter fits tightly into a brass casing mounted on a slide permitting a rapid change 
from photography to visual observation on a ground glass screen. 

The lenses incorporated into the apparatus are corrected for spherical and 
chromatic aberration, thus eliminating the need for light filters. Their focal 
length is not optimal but the main condition for analysis by the schlieren method, 
viz., that the schlieren lens, E, must reproject the edge of the first schlieren dia- 
phragm (near the light source) into the plane of the second, movable schlieren 
diaphragm (in front of the camera lens), is fulfilled. On the other hand, the 
camera lens is not focused on the U tube of the electrophoresis cell; this results 
in a ratio of the size of the index to that of the image of approximately 2.5:1. In 
actual practice this has not been found to represent a serious drawback, while the 
lens combination and the distances chosen have made it possible to accommodate 
the entire apparatus in the space available, i.e. an over-all length of 450 cm. 

The type of electrophoresis cell employed depends on the aim of the expen- 
ments. For purposes of examination of a given protein preparation for the number 
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cm. of the U tube, i the current intensity in amperes, as read from a 
milliameter (Triplett universal instrument) connected in series with 
the electrophoresis cell, q the cross section of the U tube in square 
centimeters (determined by calibration with mercury), and k the 
conductivity of the solution (Tiselius (7)). 

The boundaries developing in the course of the electrophoresis were 
recorded photographically at intervals, but the process was also fol- 
lowed by frequent visual observations, on a ground glass screen, and 
at various positions of the movable schlieren diaphragm. With the 
arrangement of the blade employed in the present experiments, the 
boundaries appear as bright lines on a dark background. For quanti- 
tative determinations of the electrophoretic mobility it is necessary 
to measure the change in position with time of the various protein 
boundaries \vith reference to an index line. For this purpose, two 
sharp lines were imprinted in each exposed field with the aid of a mask 
placed in the back of the film and an auxiliarj' light source consisting 
of a miniature flash light bulb placed in the film camera. For the 
measurements, the developed film was held flat under spring pressure, 
and the distance between one of the index lines and a sharp edge of the 
boundar}' was determined vith a simple measuring microscope (Uni- 
cam Company, Cambridge, England) equipped vdth a cross-hair eye 
piece and capable of reading to 0.01 mm. These distances were 
measured in a series of exposures, and the mean of the change with 
time was calculated. The value thus obtained was multiplied with 
the photographic reduction factor and reduced to the basis of motion 
in cm. per second per volt in order to give the absolute mobilitj', u. 
The latter was found, in accordance with Tiselius, to be of the order 
of 10"* cm.- sec."' volt”*. 

Pituitary Preparations Studied 
Crude Extraets 

Burn and Lint; Extracts— These extracts, prepared according to 
Bum and Ling (S), represent alkaline extracts (pH 11 to 12) of the 
anterior lobes of fresh beef pituitar\- glands; the e.xtracts arc ncu- 
tralir.cd to pH 7.5 subsequent to the extraction process. 1 cc. is equiv- 
alent to approximately 0.2 gm. of fresh gland tissue. It should be 
mentioned that the cxtracLs used in the present experiments had been 
subjected to an additional procedure not ordinarily followed in the 
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preparation of Bum and Ling extracts, viz., to freezing of the extract 
after adjusting the pH to 7.5. This treatment causes the flocculation 
of a considerable quantity of contaminating substance of gummy 
consistency. After centrifuging the thawed solution a comparatively 
transparent fluid is obtained. The total protein content of these 
solutions was found to be approximately 1 per cent. 

Glycerol Extract. — 50 gm. of anterior lobe tissue of fresh, dissected 
glands were ground finely with sand and suspended in 50 cc. of glycerol. 
The suspension was covered with a layer of toluene. It was then 
kept at room temperature for 6 days with shaking at intervals. After 
adding the same volume of distilled water the mixture was filtered by 
gravity. The color of the clear solution was cherry red. The pro- 
cedure here employed is somewhat similar to the one ordinarily used 
for the extraction of endocellular proteolytic enzymes from animal 
tissues. The next task was to remove the glycerol which would 
probably interfere in the electrophoretic experiments by altering the 
charge and mobility of the protein components (Agren and Ham- 
marsten (9)). 30 cc. of the glycerol extract were dialyzed against 
450 cc. of a 1 per cent NaCl solution at about -j- 5° for 72 hours; the 
NaCl solution was changed every 24 hours. The resulting prepara- 
tion had a total protein content of 0.4 per cent and was used for 
electrophoresis. 

Saline Pitnitary Extracts. — The saline extracts employed were 
prepared by a procedure developed in this laboratory (10). Es- 
sentially, the extracts are preparations obtained by the extraction of 
fresh, ground anterior lobes of pituitary glands with either 10 or 2 
per cent NaCl solutions at pH 7.0 to 7.5. The suspensions were 
centrifuged in a laboratory centrifuge at about 2000 r.p.m. and the 
turbid supernatant fluid was clarified somewhat by the use of a 
Sharpies supercentrifuge. The slightly opalescent, reddish extracts 
thus prepared were found to contain approximately 1 per cent total 
protein. 

Fractions and Purified Extracts 

Groivlli Kclogcnic and Prolactin Fractions. — The details of the prep- 
aration of these fractions have been described (11). Essentially, they 
represent components of a fraction of a Bum and Ling extract which 
are soluble in 80 per cent acetone and which are obtained by isocicctnc 
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precipitation. The Bum and Ling extract is adjusted to pH 3.5 
with HCl and 4 volumes of acetone are then added. The precipitate 
is discarded and the supernatant solution is treated with one volume 
of acetone, bringing the total acetone concentration to 90 per cent. 
The resultant precipitate is dissolved in water and separated into two 
fractions insoluble at pH 6.8 and 5.5 respectively. The former frac- 
tion is high in growth and ketogenic activity and the latter high in 
lactogenic content. As determined by the pigeon local crop gland 
method of bioassay (12) the latter fraction exhibits ten times greater 
lactogenic potency than the Bum and Ling extracts. 

Saline Fractions . — 

Fraction A. — ^This fraction represents essentially the precipitate 
obtained by adjusting the centrifuged 2 per cent saline extracts to 
pH 5.3, and exhibits a definite crop-proliferating activity (10). This 
preparation is relatively free of certain of the other types of physio- 
logical activity which have been attributed to cmde extracts of an- 
terior pituitary tissue; e.g., growth, diabetogenic, and thyrotropic 
activity. 

Fraction B. — This fraction, also obtained by fractionation of the 
crude saline extract, exerts a growth-stimulating effect when tested 
in hypophysectomized rats and also possesses a strong “diabetogenic” 
potency as tested in the partially depancreatized rat (10). 

Crystalline Prolactin. — The crystalline prolactin used in the present 
investigation was obtained by the procedure described by WTiite, 
Catchpole, and Long (13). 


RESXn-TS 

Crude Extracts 

Burn and Ling Extracts. — 15 c.xpcrimcnts were carried out with 
this type of extract, 5 of these with the “separation chamber” and 
the remaining 10 with the analytical cell. In the earlier experiments 
with the analytical cell a number of boundaries (up to 8) were seen. 
Subsequently, however, onh- 2 main boundaries could be distinctlv 
observed and photographically recorded. Hence it must be concluded 
that some of the additional boundaries seen earlier were due to thermal 
convection currents (false boundaries). The mobilities of the two 
main proteins were determined in 3 experiments; the values thus ob- 
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tained were u = —4.1 and —8.8 X 10“® cm.^ sec.~^ volt~^ respectively 
at pH 8 (average values). At pH 8.7 the u values were —5.3 and 
— 10.45 X 10~® (1 experiment). The pH range for conducting the 
experiments with crude pituitary extracts is limited to the alkaline 
region because in other pH regions protein precipitates are formed 
which render impossible the analysis of the total molecular species 
present. 

When the same extracts were subjected to electrophoresis in the 
new type of separation cell of Tiselius, the greater depth of solution 
(30 mm. as compared with 8.8 mm. in the analytical cell) permitted 
the observation of protein components present in smaller concentra- 
tions. Under these conditions, there were always observed faint 
additional boundaries of protein components of a mobility intermediary 
between that of the two main proteins. Up to 3 such faint boundaries 
were detected and photographed with certainty, under conditions 
excluding the possibility of false boundarj^ formation. Inasmucli as 
prolactin has a mobility intermediary’- between that of the two main 
proteins (see below), it is likely that these faint boundaries correspond 
to protein hormones of the pituitary gland. 

In one experiment with the separation cell, using the compensation 
device (5), the contents of each of the four chambers were recovered 
after the experiment and bioassays performed on the solutions con- 
tained in the right upper anode and in the left upper cathode compart- 
ments. The former, according to visual and photographic observa- 
tions, contained the front boundaries of the fast main protein and of 
several proteins of intermediary mobility and present in low concen- 
trations, while the latter contained the slow main protein and a small 
amount of a red pigment (hemoglobin?). The bioassay showed that 
the solution in the right upper anode compartment had lactogenic 
acti\’ity whereas the solution in the left upper cathode compartment 
had no lactogenic acti-vity. In addition, thyrotropic and ketogcnic 
activity was demonstrable in both fractions. 

Glycerol Extract . — A sample of the extract (previously dialyzed to 
remove glycerol) was dialyzed against 0.017 M phosphate buffer of 
pH 8 in the refrigerator. When this solution was subjected to electro- 
phoresis, the photographic record again showed the presence of two 
main components, while %'isually, upon suitable adjustment of the 
movable diaphragm, up to four components could be distinguished. 
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The mobility of the two main components, one of which was present 
greatly in excess of the second, was u = — 7.5 X 10~® for the fast 
main component and — 1.48 X 10"^ for the slow minor component, 
at a pH of 7.65. The mobility of the latter was so small that it must 
have been close to its isoelectric point. While the fast main com- 
ponent may possibly be identical with the fast protein present in the 
Bum and Ling extracts (see above), this slow component with an 
isoelectric point close to pH 7 was not found in the Bum and Ling 
extract. On the other hand, the second main component of the latter 
extract (u = — 4 X 10“= at pH 8) was not present in any appreciable 
amount in the glycerol extract. 

Saline Extract. — A cmde pituitar3' extract prepared with the aid 
of 10 per cent NaCl solution was dialyzed twice against 25 volumes of 
0.017 It phosphate buffer (pH 8) and subjected to electrophoresis at 
pH 7.3. Two main components were recorded on the film wnth mo- 
bilities, u, equal to — 1.14 X 10“® and — 4.25 X 10“^. The slow 
component is probably identical vdth the corresponding protein found 
in the glycerol extract, while the faster component is probably the 
same as the slower main component in the Bum and Ling extracts. 
A saline extract prepared with 2 per cent NaCl showed two boundaries 
with mobilities 0 and approximately — 13 X 10“^ at pH 7.9. 

Purified Fractions 

Growth Kctogc7iic Fraction (GK Fraction from Burn and Ling 
Extract). — With this fraction, two boundaries were observ^ed in the 
analytical cell and up to four boundaries in the separation cell. Owing 
to the solubility properties of this protein mixture, the experiments 
had to be conducted on the acid side of the isoelectric point. The 
mobility of the main component at pH 4.86 was + 8.99 X 10"*. 

Prolactin Fraction from Burn and Ling Extract. — ^\^isual observation 
disclosed as many as four boundaries in the analytical cell. The 
mobilities of the two main components at pH 8.05 were — 6.45 and 
- 9.78 X 10-^ The latter protein may represent either the fast 
main protein of the Bum and Ling extract or denatured prolactin 
(sec below), while the protein with a mobility of — 6.4 was ver>* prob- 
ably native prolactin (see below). 

Fraction A {from Saline Extract).— A 1 per cent aqueous solution 
of this fraction was dialyzed against 0.017 M phosphate buffer (pH 8.0). 
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The pH of the supernatant buffer, after equilibration, was 8.07. 
Employing a potential gradient of 5.95 volts per cm., only one main 
component could be detected; the mobility of this component was 

— 10 X 10~® at 11°C. The prolactin present did not appear as a 
separate boundary, presumably because of its low concentration. 

Fraction B {from Saline Extract ). — A 1 per cent aqueous solution 
of this fraction was mixed with an equal volume of 0.017 m phosphate 
buffer (pH 8), and then dialyzed against an additional quantity of the 
same buffer. After equilibration through the membrane, the pH 
of the solution was 8.09. The fraction appeared to be relatively 
homogeneous upon electrophoretic analysis, only one faint boundar}' 
being observed visually in addition to the main boundary. The 
average mobility of the main component at the pH of the experiment 
was found to be — 9.8 X 10~® at 3®C. 

Crystalline Prolactin 

125 mg. crystalline prolactin were dissolved in 25 cc. of 0.017 M 
phosphate (pH 8) and dialyzed for 24 hours in the ice box against 
500 cc. of the same buffer. The first electrophoretic experiment at 
pH 7.98 and at two different potential gradients (6.55 and 8.3 V/ cm.) 
revealed only one sharp boundary indicative of a high degree of homo- 
geneity of the crj'^stalline protein. The mobility at pH 7.98 was 

— 6.4 X 10"®, i.c., intermediary between the mobilities of the two 
main proteins of the Burn and Ling extracts. After the e.xperiment 
the prolactin solution was recovered from the electrophoresis cell and 
stored for 19 days in the frozen state. In order to shift the pH of the 
solution, the material was thawed and dialyzed overnight in the 
refrigerator against 500 cc. of acetate buffer, pH 3.9 (0.02 N in sodium 
acetate and 0.1 N in acetic acid). After equilibration, the pH of the 
outside fluid, used as the supernatant buffer in the electrophoresis, 
was 3.94. The material again appeared perfectly homogeneous at a 
potential gradient of 7.06 V/cm. The mobility at pH 3.94 was found 
to be + 9.61 X 10"®. 

The solution in acetate buffer was again frozen and stored for 2 
days. After thawing it was dialyzed overnight against 500 cc. of 
0.03 M phosphate buffer of pH 6.5 (ionic strength approximately 
0.05). After 20 hours’ dialysis there was a heav>’ precipitate of pro- 
tein in the dialyzing bag; the pH of the outside buffer was 6.0. The 
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t .Ml ejcpcrimenLs, cicept those otherwbe designated, were carried out in the 
tylinilric-al electrophoresis cell of Tiselins (7). 
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Fig. 2. Toepler schlicren photographs of pituitary preparations in the course 
of electrophoresis. 

A. Crude pituitary extract (Burn and Ling) (E.xperiment 22). Anode cham- 
ber; pH 7.86; F = 9.4 V/cm.; 4'’C. The two boundaries photographed belong 
to ballast proteins (mobilities u = —3.35 and —8.75 X 10“^). E.xposurcs (10 
seconds) on positive film at intervals of 5 minutes. 

B. Crude glycerol extract (Experiment 50). Anode chamber; pH 7.65; F =• 
6.4 V/cm.; 2°C. The two boundaries correspond to ballast proteins (mobilities 
u = —1.48 and —7.52 X 10"^). Photographs taken at intervals of 10 minutes. 

C. Growth ketogenic fraction from Bum and Ling extract (Experiment 36). 
pH 4.86; F = 7.85 V/cm.; 3.5‘’C. The boundary- belongs to the main protein 
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precipitate was dissolved by adding about 1.5 cc. of 0.5 N K.OH to 
the suspension. The solution was now dialyzed against a fresh por- 
tion (500 cc.) of phosphate (pH 6.5). The solution gradually became 
opalescent during the dialysis, the opalescence persisting upon filtra- 
tion. The pH of the protein solution after dialysis was 6.55 and that 
of the outside buffer 6.50. Electrophoresis at this pH now revealed 
the presence of two proteins in the solution with sharp boundaries, 
the mobilities being — 3.64 and — 6.43 X 10"^ respectively. In 
order to decide whether the appearance of the second boundary was 
due to a reversible pH dissociation or to an irreversible decomposition 
or denaturation of the prolactin in the course of the preceding treat- 
ment, the solution was again recovered and the pH shifted back in the 
vicinity of the pH of the first experiment by dialyzing against 500 cc. 
of phosphate solution (pH 8). The pH of the supernatant buffer 
was then 7.72. Electrophoresis at this hydrogen ion concentration 
and at a potential gradient of 6.5 V/cm. showed that the two separate 
boundaries persisted, i.e. that the change suffered by the protein was 
irreversible. The mobility of the two components was — 5.42 and 
— 9.18 X 10~^ A plot of the data obtained with the prolactin prep- 
aration indicates an isoelectric point of native prolactin at approx- 
imately pH 5.6 and it shows that one of the two components present 
in the changed prolactin solution is apparently still native prolactin 
while the other has a considerably higher mobility and probably rep- 

componcnt of the preparation (u <= 4- 8.99 X 10"'). Upon raising the schlicren 
diaphragm an additional faint boundary of a protein with a smaller mobility could 
be detected. Q, cathode chamber; Q, anode chamber. Interval between 
exposures, 15 minutes. 

D. Crj'stalline prolactin (Experiment 46). pH 3.94; F = 7.06 V/cm.; S°C. 
The boundarj' belongs to the native protein hormone (mobility u •= + 9.61 X 
10"'). Di, cathode chamber in forward run. D», cathode chamber in backward 
run. Interval between exposures, 10 minutes. 

E. Crv-stallinc prolactin (Experiment 48). pH 6.52; F *= 6.4 V/cm.; 4'’C. 
This solution had been stored previous to the experiment in frozen state at pH 
3.94 for 3 days and had been dialvaed (after thawing) against phosphate buffer, pH 
6.5, for 48 hours in the refrigerator. The slow major component shows the 
mobility of native probetin (u - - 3.64 X 10"'), whereas the fast minor com- 
ponent (mobility u - -6.43 X 10"‘) corresponds probably to denatured prolactin. 

Cathode chamber. Interval between exposures, 10 minutes. 
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resents denatured prolactin. After the last experiment the total pro- 
tein was recovered by acetone-ether precipitation and it was assayed. 
The lactogenic activity showed no significant decrease when compared 
with the original crystalline material. 

Some of the results obtained in the present investigation are given 
in Table I. In Fig. 2 will be found representative photographic 
records obtained in typical experiments. 

DISCUSSION 

The bulk of the protein present in crude pituitary extracts consists 
of physiologically inert material which is probably more or less iden- 
tical with that encountered in any other type of tissue. The two 
main boundaries observed in the electrophoresis of such crude prep- 
arations are those of the inert or “ballast” proteins. The widely 
differing electrophoretic mobility of these proteins as observed in 
extracts prepared by different solvents, e.g., dilute alkali, glycerol, and 
saline, is an expression of chemical differences between the ballast 
proteins thus obtained. In other words, each solvent attacks the 
complex system of protoplasm in a different manner and exhibits a 
pronounced selectivity with regard to the tissue proteins which it will 
bring into homogeneous solution. In addition, it is to be expected 
that treatment at pH about 10 or above, as it takes place in the prep- 
aration of the Burn and Ling extracts, may cause irreversible changes 
in certain of the proteins. The mobility values obtained with pro- 
teins subjected to such drastic procedures may conceivably be quite 
different from those typical for these proteins in their native state. 
In any event, the determination of the mobility of any protein con- 
tained in the gland extracts serves to label this component and allows 
one to gauge the success of subsequent fractionation procedures. 

In a layer of thickness of the crude extracts as it exists in the new 
rectangular compartments of the Tiselius separation apparatus, 
several faint boundaries of an intermediary mobility were detected. 
There is reason to believe that the proteins responsible for these 
additional boundaries represent, at least in part, pituitarj' hormones. 
This is concluded from the fact that crystalline prolactin c.xhibits a 
mobility of the same magnitude as one of the minor boundaries seen 
in crude Bum and Ling extracts. 
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A fraction with high lactogenic activity, obtained from a Bum and 
Ling extract, showed two main boundaries, one corresponding to 
one of the ballast proteins of the crude extract and the other corre- 
sponding to that shown by crystalline prolactin. It follows that at 
least one major ballast protein present in the crude extract has been 
removed by the isoelectric purification procedure employed. 

Freshly prepared solutions of crystalline prolactin yield only a single 
boundary. The high definition and small rate of spreading of this 
boundary in the course of the migration indicate that the product 
is, at least electrophoretically, quite homogeneous. The second 
boundary observed in solutions after storage at low temperature shows 
a higher mobility and probably corresponds to denatured prolactin. 
Thus the technique makes it possible to follow the gradual transforma- 
tion of a native into a partially denatured protein. Other examples 
of the usefulness of the method will be found upon inspection of 
Table I. 

It would be of importance to characterize the pituitary proteins not 
only by means of their electrochemical behavior but also by their 
particle size. A first attempt in that direction has recently been 
undertaken by Severinghaus and his collaborators (14). The main 
purpose of this work, however, was “to test the possibility of concen- 
trating and separating the anterior lobe and pituitary-like hormones 
by means of the ultracentrifuge.” Consequently, an air-driven 
quantity centrifuge (15) instead of an analytical centrifuge was em- 
ployed in that research. It was found that gonadotropic fractions 
from pregnant mare scrum and from castrate urine could be concen- 
trated by subjecting them to ultracentrifugal fields of 150,000 to 
200,000 times gravity for 4 to 6 hours. On the other hand, little if 
any concentration of a flavianatc extract of beef hj-pophysis, rich in 
thyrotropic acti%nty, could be achieved by the same procedure. These 
results suggest that the thyrotropic actiwty of the pituitarj’ gland is 
associated with molecules of a size smaller than that of the gonado- 
tropic principle. 

It may be stated on the whole, that the application of ultracentrif- 
ugal and electrophoretic methods to the study of the pituitary- hor- 
mones holds considerable promise of enlarging tlic present knowledge 
of these important biocatalysts. 
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EPIDEMIOLOGY OF LYMPHOCYTIC CHORIOMENINGITIS 
IN A MOUSE STOCK OBSERAED FOR FOUR YEARS 

By ERICH TRAHB, V.M.D. 

{From the Department of Animal and Plant Pathology of The Rockefeller Institute 
for Medical Research, Princeton, New Jersey, and the VelerinSrhygienisches 
und Tierseucheninstitut of the University of Giessen, Giessen, Germany) 

(Received for publication, March 2, 1939) 

Choriomeningitis in a mouse colony is a favorable material for the 
study of the problem of the effect on a parasite of long association -with 
a given host. The host animals can be easily maintained in large 
numbers in a relatively small space, and two or three generations can 
be secured in a year, so that progress is rapid for this type of work. A 
colony of infected mice has now been observed for 4 years and it is the 
purpose of this report to describe the changes that have taken place in 
the disease and its causative agent since the epidemiolog>" was first 
studied (1). 

Methods and Materials 

The infected stock, which has been kept in a large metal breeding cage, con- 
sisted on the average of 12 to 15 mature females, 2 to 3 mature males, 10 to 20 
mice just weaned, and a varj'ing number (usually 1 to 4) of litters of suckling 
mice. The breeding mice selected from as many different litters as possible were 
kept for about 7 months and then replaced by animals that had just become 
sexually mature. Young mice not needed as repbeements were discarded at the 
age of about 4 weeks. The mice removed from the colony were tested for circu- 
lating virus from time to time in order to be certain that the disease was still 
present. Cannibalism occasionally caused losses among the suckling mice. 
Fighting between the males has been rare. When it occurred the most aggres- 
sive animal was removed and repbeed by an immature one. 

The fertility in the infected stock was considerably below that in the virus-free 
colony derived from the original infected stocl: late in 1934 (1). This fact, how- 
ever, can hardly be attributed to the disease alone, since it has been found that 
mice bre«l less regularly when a large number arc kept in one cage. In the virus- 
free colony 1 male and 4 females are kept together in a smaller cage, and under 
such conditions the mice breed veiy rcgubrly. 

Tlic \-iru5-frec mouse stock just mentioned was built up on 6 uninfected mice 
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This was probably due to the fact that all of the stock mice, young and 
old, were carriers of virus. A life-long infection was demonstrated in 
a number of cases, while the other animals were discarded before the 
duration of their infection could be determined. 

A Decrease in the Severity of the Disease and Its Possible Causes 

The most striking change that occurred gradually between 1935 and 
1937 was a marked decrease in the severity of the disease. Since it is 
now subdinical, infected young mice can no longer be distinguished 
with certainty from uninfected ones in spite of the fact that their 
tissues contain about the same amoimts of virus as before the change 
occurred. 

In view of the fact that certain other virus diseases sometimes 
change in a similar manner, an attempt was made to determine the 
cause for the present mildness of the disease. Such an attempt was 
possible because the mice from the virus-free colony, which had been 
used for intrauterme infection with stock virus in 1935, were available 
for comparative experiments on intrauterine infection with virus 
freshly isolated from the infected stock. On the basis of numerous 
other observations it could be assumed that the susceptibility of these 
mice had not appreciably changed since 1935, when intrauterine 
infection produced a severe disease in the majority of them. 

The brains, thoradc and abdominal organs of suckling mice from the infected 
stock were used as a source of virus. The females needed for the experiments 
were selected from 5 diSerent litters of mice obtained from the virus-free colony 
and injected intranasally with stock \drus at the age of 1 day. Mice infected in 
this manner carry virus in the blood for a verj’' long time after clinical recovery (2). 
9 females whose blood had been previously tested for sums were bred to 9 virus- 
free males. 2 young from each of the 9 litters obtained were sacrificed immediately 
after birth for a test for intrauterine infection. Their brains were removrf 
asepiically and each suspended in 2 cc. saline. The brain suspensions were 
inoculated intracercbrally into -virus-free mice in amounts of 0.05 and 0.03 x 10~* 
cc. If these mice, parlicubrly those receiving the higher dilution, de\-eloped the 
disease, it was assumed that the respective litters had become infected in ulcro. 
This assumption is justified by previous tests which showed that the \-irus is 
transmitted cither to all of the cmbiyos or not at all. The litters were watched 
daily for 2 months. 

of the 9 litters became infected in ulero, while the other 4 litters did not in 
tpite of the fact that the mothers still carried the \-irus in the blood 2 weeks after 
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parturition. This fact suggests that the virus content of the blood may not have 
been alone responsible for the infection of the embryos of the other mice. The 
absence of detectable amounts of virus from the blood of another naturally in- 
fected mouse that transmitted the virus to its embryos (1, Table III) points in 
the same direction. It is possible therefore that the transmission of the virus 
takes place either in the ovaries, which contained relatively large amounts of 
virus in 2 carriers tested (2), or in the uterus, which likewise may be rich in virus 
(2), by “growth” through the placenta. The term “intrauterine infection” will 
be used for the sake of brevity, although it is realized that it may not always be 
accurate. 


TABLE I 

Intraulerine Injeciion in Mice from the Virus-Free Stock 


Litter 

No. 

Date of intra- 
nasal inicction 
of mother at 
age of 1 day 

Date of birth 
of litter 

Numbex 

of 

young 

1 

im 

Oct. 20 

ms 

Jan. 22 

6 

2 

“ 26 

“ 23 

7 

3 

May 5 

“ 29 

6 

4 

Oct. 20 

Feb. 1 

3 

S 

“ 20 

' 

" 22 

9 i 


Result 


1 young became sick and recovered; the 
others showed decreased growth during 
the first 2 weeks of life 

1 young became sick and recovered; another 
showed a markedly retarded growth for 
4 weeks; the remainder developed normally 

No symptoms, but slightly decreased rate of 
growth 

1 young died on the 16th day; the others de- 
veloped normally 

2 young died on the 17th and 37th days; 
another became sick and recovered; the 
remainder showed no reaction 


Table I shows that the majorily of the mice from the 5 litters in- 
fected in utcro failed to become sick. A few of the young however did 
show symptoms of the disease and 3 of them died. On the whole, the 
reaction of the animals was intermediate between the severe disease 
obsert'ed in 1935 and the extremely mild infection seen more recently. 

The interpretation of this result is not easy. If one assumes that 
the susceptibility of the virus-free mice is still the same as in 1935, it 
seems that the pathogenicity of the virus for embryonic mouse tissue 
has marked!}’- decreased since then. On the other hand, since the 
disease described in Table I was definitely more severe than that now 
prevailing in the infected stock, it may be that the mice from the latter 
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stock, now show 3. higlier degree of resistance to intrauterine infection 
than those from the virus-free colony. In 1935 the susceptibility to 
intrauterine infection of both kinds of mice was about the same. 

The decrease in the severity of the disease resulting from mtrauterine 
infection has been associated with an increase of the virulence of the 
virus for suckling mice infected by contact shortly after birth, as shown 
by experiments reported before (2) as well as later in this paper, 
whereas contact infection in mice older than 2 to 3 weeks is still sub- 
dinical as it was in 1935. It would have been of interest to study the 
effect of contact infection -mth the stock strain not only in yovmg mice 
from the virus-free colony, but also in virus-free young from the in- 
fected stock. This has not been possible, however, since no mice of 
the latter type were foimd. 

A Change in the Contagiousness of the Expervnental Disease 

Experiments on contact infection carried out in 1935 (1, and impub- 
lished experiments) showed that the experimental disease was trans- 
mitted by mice of different ages, provided the period of exposure was 
sufficiently long. Since the disease induced by contact infection was 
subclinical, it had to be demonstrated by testing the blood for virus or 
by tests of immunity several weeks after exposure. WTien the experi- 
ments were resumed in 1938, different results were obtained in that the 
infection very rarely passed from mature mice infected experimental!)’- 
to normal ones. Suckling mice infected by intranasal instillation of 
stock virus, however, still transmitted the virus to normal mice during 
the acute and chronic stages of the disease. Mice infected naturally, 
young ones as well as old carriers of \’irus, could likewise transmit the 
infection. To illustrate these observations some recent e.xperiments 
will be given here in detail. 

The mice infected experimentally as well as the uninfected animals exposed to 
infected ones were obtained from the virus-free breeding colony, while the natu- 
rally infected mice came from the infected stock. As in previous experiments 
the mature mice used were all females in order to eliminate the possible sexual 
transmission of the disease, or the infection by biting in males. 

The experiments were conducted as follows; Mice infected naturally or cipcri- 
mcaially as indicated in the tables were placed in the same cage with some unin- 
fected animals on the 3rd or 4th day after inoculation or remo\-al from the infected 
slock. Care u-as taken that the mice which died from the disease were not de- 
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voured by their cage mates, since we have recently been able to infect 1 of 6 mice 
by feeding with virulent mouse brain given on bread. Unless othen\'ise stated, 
the animals were kept together for 4 to 5 weeks, after which time they were tested 
for immunity by intracerebral inoculation with highly virulent virus. The ani- 
mals that failed to show any reaction after the test of immunity were assumed to 
have become infected by contact, while the mice that showed characteristic 
symptoms or died were counted as negative. If the injected mice, to which the 
normal animals were exposed had shown no signs of illness, for instance, after 
intranasal or subcutaneous injection with virus, they were also tested for im- 
munity at the same time as the exposed mice to make sure that they had become 
infected. Control mice of about the same age as the tested animak were included 
in each immunity test. About 90 per cent of these died, while the remainder 
developed typical, non-fatal choriomeningitis with characteristic tremors and 
convulsions. There was not a single control mouse that failed to become sick. 

Exposure of Normal Mice to Mature Mice Infected Experimentally . — 
The details of these experiments are recorded in Table II which shows 
that the 5-week-old mice usually failed to transmit the infection, no 
matter by which route they were inoculated. 

Since mice injected intracerebrally with virus often do not survive for the 
period of time that would be necessary for the transmission of the disease (1), the 
6 animals injected in this manner with small amounts of virus in Experiment 1 
were each given 0.25 cc. hyperimmune guinea pig serum intravenously 3 hours 
before the virus inoculation. While such serum treatment usually does not pre- 
vent the disease, it often renders it non-fatal. Virus was demonstrated in tlie 
nasal washings but not in the urine of some serum-treated mice that were sick 
and ultimately recovered. The mice used in Experiment 4 received no immune 
serum. They were still sick but evidently recovering when placed in contact 
with a litter of normal mice on the 9th day after inoculation. 

The Influence of the Age at the Time of Inoculation on the Ability of 
Mice to Transmit the Disease. — The fact that the mothers of litters from 
the virus-free colony which had been inoculated intranasally wth 
virus at the age of 1 to 7 days always became immune suggested tliat 
young mice infected experimentally would transmit the disease more 
readily than mature mice. That this was the case is shown in Table 
III. 

Mice injected intranasally with virus at the age of 1 day continue 
to transmit the disease as they grow up in spite of the fact that they 
show symptoms for only 3 to 4 weeks. This is showm by the experi- 
ment recorded in Table W which was made with 2 mice left over from 
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the 4th experiment of Table HI. They were sick for about 3 weeks, 
recovered, and appeared quite healthy at the age of 58 days when they 


TABLE n 

Exposure oj Normal Mice io 5- to 6-Weeh-Old Mice Infeded Experimentally 

'with Slock Virus 




Injected zmee 

Exposed mice 

Experi* 
ment > 
Ko. ^ 

dumber 

of 

tmcc 

Route of 
jnocuhtion 

Reaction 

Age at time 
of crposare 

Number 
of mice 
infected as 
evidenced 

. 

acquired 

zmmunitT’ 

1 


ip* 

4 died; 6 became very sick and 
recovered 

5 wks. 

l/8t 


4 

SC 

None; immunized 

5 “ 

0/4 


6 

Immune guinea 
pig serum iv, 
virus ic 

3 died; 3 became sick and re- 
covered 

5 “ 

i 

0/4 

2 

6 

1 

1 

4 died; 2 became very sick and 
recoveredt j 

5 “ 

0/7 

3 1 

3 

iv 1 

Exposed on 13th day after in- 
oculation when 2 mice had 
recovered and the 3rd still 
appeared sick 

5 “ 

0/7 

4 

2 

ic 

Just recovering from typical 
disease 

1 day 

(4-5 mos., 
mother) 

0/5 

0/1 

5 

4 

iv 

Very sUght symptoms followed 
by quick recovery 

1 day 

(4-5 mos., 
mother) 

0/10 

0/1 


• ip •=> intrapcritoncally. sc = subcutaneously. iv = intravenously, 
ic *• intracercbrally. 

1 1 out of 8 mice became infected. 

t The 2 sun-ivors still discharged virus with the urine and nasal secretions at 
the end of the period of exposure. 

were exposed to a newborn normal litter of mice to which they 
promptly transmitted the disease. At the age of lOS days the 2 mice 
were again exposed to normal mice of difTercnt ages, but for a shorter 
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TABLE ni 

The Influence of Age at the Time of Intranasal Infection on the Transmission of the 

Disease by Cotilact 


Injected mice 

Exposed mice 

Age at 
time of 
inoculation 


Reaction 

Age at time 
ot exposure 

Number of mice infected 
as evidenced by disease 
(in young mice) and 
acquired immunity 

1 day 

5 

Slight illness; recoveiy 

1 day 

5/5 

1 " 

10 

1 died; 5 became sick and recovered; 

1 “ 

8/8 



4 showed no definite symptoms 

Full grown 

1/1 




mother 


1 “ 

8 

4 died; 4 showed retarded growth 

1 day 

10/10 




Full grown 

2/2 


1 

1 


mothers 

S wks. 

8/8 

1 " 


2 died; 2 became sick and recovered; 

5 " 

7/7 


1 

3 showed only a retarded growth 


(Mother of litter 




injected intra- 
nasally also be- 
came immune) 



2-3 wks. 

4 

2 became sick and recovered; 2 

2-3 “ 

0/6 



showed no symptoms 



2-3 “ 

3 

1 became very sick and recovered; 

5 " 

1/5 



2 showed no definite symptoms 



5 

5 

None; immunized 

1 day 

0/7 



Full grown 

0/1 




mother 

5 wks. 

0/8 

5 " 

6 

1 became sick and recovered; 5 

1 day 

0/8 



showed no symptoms; all be- 

Full grown 

0/2 



came immune 

mothers 


5 “ 

6 

C( 

5 wks. 

0/8 


* 2 females of this group were used in the experiment recorded in Tabic I\ • 
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period of time. The disease passed to the majority of the young mice 
but not to the older ones. This result suggests that young mice con- 
tract the infection more readily than mature ones and confirms a 
previous observation (1). 

Infection of Normal Mice by Exposure to Virus Carriers. — ^That full 
grown mice from the infected stock, which continue to carry virus in 
the blood and discharge it with the urine and nasal secretions, can 


TABLE IV 

Continued Transmission of the Infection after Recorery by Two Mice* Injected 
Iniranasally with Virus at the Age of I Day 


A?e of 2 
iweeted 
mice when 
placed in 
contact 
with nor- 
mal mice 

Exposed mice 

Are at time 

01 exposure 

Period of exposure and method 
of testing for infection 

Number of mice that 
became infected by 
contact 

58 days 

1 day 

Tested for virus in blood on 

5/3 



19th day of exposure 

(All young sick when 




tested) 


Full grown mother 

Tested for immunity on 2Sth 

1/1 


of this litter 

day of exposure 

(Showed no symptoms) 

103 “ 

1 day 

Exposed for 13 days; tested 

6/8 



for immunity 2 wks. later 

(The infected mice had 




shown symptoms) 


5 wks. 

ft 

0/8 


* See footnote to Table HI. 


transmit the disease to healthy mice has already been reported. This 
still is the rule, as Table V shows. The disease readily passes from 
carriers to normal mice of different ages. The majoritj' of the carriers 
used in these e.vperiments came from litters infected in uicro that were 
used in prerious axperiments (2, Text-fig. 1). They looked quite 
healthy and could not be distinguished from normal animals. 

Comparathc Experiments on Contact Infection uAlh Naturally Infected 
Carriers and Mature Mice Infected Experimentally. — In the following 
experiments an attempt was made to determine why the disease is 
often transmitted by healthy appearing carriers but rarely by mature 
mice infected c.xperimcntally. It was not unlikely that ie %-irus 
content of tlic nasal secretions, which appears to be more important 
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for the transmission of the disease than the urine (1), had some 
connection with this discrepancy. To test this possibility the virus 
content of the nasal washings from mice infected either naturall}’’ or 
experimentally was determined before and after exposure to normal 
animals. Each infected female mouse was placed in the same cage 
with 5 virus-free 5-week-old females, which were tested for acquired 
immunity after an exposure for 32 days. 


TABLE V 

Infection of Mice by Exposure to Old Carriers 


Old {mate carriers_ infected in ultra to 
which normal mice were exposed 

Age of 
carriers 
at time of 
exposure 

Exposed mice 

Number 

Age when 
exposed 

Number of mice that 

Showed 

symptoms 

Became 

immune 


meSs 





2 of Litter C* 

10 

4t 

1 day 

2 

4 


1 

Mother 

4-5 mos. 



2 " “ D* 

10 

4t 

1 day 

2 

4 



Mother 

4-5 moSe 

1 


1 1 

1 

3 “ “ B* 

10 

1 

19 

4 " 


1 

2 « it 

i 

! 13 

49 

5 wks. 


4 

2 full grown from infected stock 

4-5 

49 

5 " 


4 


* See Text-fig. 1 in a previous paper (2). 

t Virus demonstrated in pooled blood from each group of suckling mice on 19th 
day of exposure. Mothers not tested for circulating virus. 

t Death from injury by intracerebral test inoculation. 

The nasal washings were taken as already described (2) and tenfold dilutions 
of them were made in saline. These as well as the undiluted materials were 
inoculated subcutaneously in amounts of 0.5 cc. into 5-week-old mice from the 
virus-free stock, one mouse being used for each dilution. It was not practical to 
titrate the nasal washings by intracerebral inoculation because of the bacteria 
ordinarily present in them. These were without effect when injected subcutane- 
ously. Since mice inoculated subcutaneously with choriomeningitis virus never 
show symptoms, the number of infected mice was determined by intraccrebra 
immunity tests made 2 weeks after inoculation. 











TABLE VI 


The Transmissibilily of the Disease by Contact in Relation to Virus Content of 

Nasal Washings 


Erpm 

Infected mice (9) 

Knaber of exposed mice (5- 
wcek-old 9) infected as eri- 
denced by acqmred 
immunity 

la’cnt 

No. 

Ko. 

Mode of infccUon 

Titration of TrasMngs 

Before exposme 

After exposure 

1 

1 

Healthy appearing mouse 

10-1 


105 

i 

5/5 



infected in utero and 

10-i 

i 

10-1 

i 




carrying virus in blood 

10-> 

i 

10-5 

i 




for over 1 year 

10-* 

ni* 

10-5 

i 





10-5 

ni 

10-1 

i 



2 

<( Cl 

10-5 

i 

lO” 

i 

3/4t 




10-5 

i 

10-1 

?t 





10-5 

i 

10-5 

i 





10-< 

ni 

10-5 

i 





10-5 

ni 

10-‘ 

i 



3 

Mouse injected iv rvithstock 

10-1 

i 

10® 

i 

1/5 



strain 9 days previously. 

10^ 

i 

10-1 

ni 




Still sick but recovering 

10-5 

i 

10-5 

ni 




when exposed on 9th day 

10-* 

ni 

10-5 

ni 





10-5 

ni 

10-‘ 

ni 



4 

U tt 

10-1 

i 

10» 

ni 

0/5 




10-5 

ni 

10-1 

ni 



•• 


10-5 

i 

10-5 

ni 





10-« 

ni 

10-5 

ni 





10-5 

ni 

10-* 

ni 


2 

5 

Healthy appearing carrier 

10-1 

i 

10-1 

i 

4/4t 



from infected stock, 4-5 

10-5 

i 

10-5 

i 




mos. of age 

10-5 

i 

10-5 

i 





10-‘ 

ni 

10-* 

ni 





10-5 

ni 

10-5 

i 



6 

<< <1 

10-1 

i 

10-1 

i 

1/5 




10-5 

t 

10-5 

i 





10-5 

i 

10-5 

i 





10-‘ 

i 

10-* 

ni 





10-5 

ni 

10-5 

nl 



7 

Same as Xos. 3 and 4 

10-1 

i 

10-1 

i 

0/5 




10-5 

ni 

10-5 

ni 





10-5 

ni 

10-1 

ni 





10-‘ 

ni 

10-5 

ni 





10-5 

ni 

10-5 

ni 



s 

*» *• «< (1 Cl 11 

10-1 

i 

10-1 

ni 

0/5 




10-5 

i 

10-5 

ni 





10-5 

ni 

10-1 

ni 





! 10-5 

ni 

10-* 

:-t 


, 



1 10-5 

ni 

10-5 

ni 



itr.rr.’jnired; ni ~ r.o: ijr.rr.unlred. 


t ^^crJ^e died irmn injun- after imra'aaitv tesL 
511 
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The details of the experiment are given in Table VI which shows 
that naturally infected mice (Nos. 1, 2, 5, and 6) in general discharged 
large amounts of virus over a longer period of time than the other 
animals infected experimentally (Nos. 3, 4, 7, and 8). This may be 
the reason why the former mice transmitted the disease more readily 
than the latter animals. 

The urine of the infected mice, which may also play a minor role 
in the transmission of the disease, was not titrated because it was often 
impossible to obtain more than a few drops of it, and these would not 
have been sufficient for exact titrations. In other experiments, how- 
ever, the virus content of the urine often ran parallel witli that of the 
nasal washings, and the same may have been the case in the present 
tests. 

lnfi,umce of the Strain of Virus on the Communicability of the Disease. 
— Since the change in the communicability of the experimental disease 
may have been due to a change of the virus, it was decided to test this 
possibility in the following series of experiments. Unfortunately it 
was not possible to compare the stock virus of 1935 with that of 1938 
under the same experimental conditions, because we have not suc- 
ceeded as yet in preserving dioriomeningitis virus in mouse tissue for 
several years without resorting to animal passage. The latter may 
markedly alter some characteristics of the virus. In fact, no more 
than 8 intracerebral passages in mice were necessary to change the 
pathogenicity for guinea pigs of passage strain B (3). Its virulence 
for mice likewise differs from that of the stock virus (2). In the 
following experiments the communicability of the infection induced 
in mice by the passage strain will be compared with that of virus 
freshly isolated from the infected stock. 

When strain B was isolated from a naturally infected stock mouse 
in 1935 it produced a contagious disease in 5- to 6-week-old mice. 
This statement is made with some reserve, however, because the 
number of mice tested was rather small. In one experiment made 
with virus from the 1st intracerebral mouse passage, 4 mice from the 
virus-free colony were inoculated intraperitoneally with virus and 
e.xposed to 8 uninfected mice for 32 days. The injected animals were 
ill from the 6th to the 10th days after inoculation and then recovered. 
Of the 8 exposed mice 6 became resistant to intracerebral inoculation 
with high!}' virulent virus. 
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The virus used in the present experiments had undergone from 30 to 
42 passages in 5-week-old mice. The experiments recorded in Table 
VII were made with 5-week-old females. They are comparable to 
those given in Table II and therefore need no special description. 


TAKLE vn 

Experimenls on Contact Injection with the Mouse Passage Strain in 
5-Week-Old Females 



Injected mice 

Exposed 

mice 

ExMti- 




Number 

a 6 

Route of inoculation 

I^umbcr 

of 

Reaction 

^ of mice 
infeed sls 



mice 


! by Bcouired 





1 immuiuty 

1 

ic* 

1 

Dead on 6th day 

o/s 


ip 

3 

None; immunized 


ic 

1 

Dead on 6th day 

0/5 


sc 

3 

None; immunized 


ic 

1 

Dead on 7th day 

0/5 


in 

3 

None; immtmized 

2 

Immune guinea pig serum 

S 

2 dead on 7th or 8th day; 3 be- 

0/4 


iv, virus ic 


came sick and recovered 



ip 

4 

None; immunized 

0/4 

3 

Immune guinea pig serum 

6 

3 dead on 7th day; 3 became sick 

0/4 


iv, \nrus ic 


and recovered 



ip 

5 

None; immunized 

0/4 


* ic = inlraccrcbrally. ip = intraperitoneally. sc = subcutaneously, 
in = intranasally. iv = intravenously. 


Their results were uniformly negative and show that the infection wth 
the mouse passage strain in 5-week-old mice is even less contagious 
than that with the stock strain. A comparison of the results obtained 
with the mouse passage strain in 1935 and 1937-193S gives the impres- 
sion that its communicability has changed in the course of the serial 
passages in mice. 

In the c.xpcrimcnt presented in Table VIII newborn mice were used. 
2 litters of mice were injected intranasally with the stod: strain and 2 
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others with tire mouse passage virus. On the 4th day after inoculation 
each group of young together with their uninjected mothers was ex- 
posed for 4 weeks to 2 litters of virus-free mice which were tested for 
immunity at the end of this period by intracerebral inoculation witli 
virus. It can be seen from Table VIII tliat tlie stock strain proved 
more contagious under sucli conditions than the mouse passage strain 
and likewise was more virulent for the mice infected by contact. 


TABLE VIH 

Comparison of CommunicahiKty of Stock and Mouse Passage Virus in 

Newborn Mice 



Mice injected intrannsally with virus 

Exposed mice 

strain of virus 

Age at 
tirfie of 
inoculation 

Number 

of 

mice 

Reaction 

Age at 
time of 
exposure 

Number of mice infected 
as evidenced by signs 
of the disease or 
acquired immunity 

Stock 

1 day 

IS 

5 died; 5 became sick 
and recovered; 4 
showed only a re- 
tarded growth; the 
remainder presented 
no definite signs of 
illness 

1 day 

1 

18/18 

(9 mice showed 
symptoms, the 
others a de- 
creased growth 
rate) 

Mouse pas- 
sage 

1 “ 

18 

11 died; 6 became very 
sick and recovered; 

1 showed no signs of 
illness 

1 “ 

4/13 

(The 4 infected 
mice showed no 
signs of disease 
but were im- 
munized) 


Effect of a Change in the Environmental Conditions on the Course of 

the Epidemic 

In May, 1938, a collection of mice from the infected stock togcUier 
with some mice from tlie virus-free colony were taken to German}^ 
The animals were shipped in metal cages \vith screen covers, and tlicsc 
cages had to be kept dose together on the trip. The fact that the mice 
failed to become infected is additional proof that the disease is not 
highly contagious. 

The environmental conditions of the mice in Germany dificr from 
tliose in America, especially as regards climate and diet. The diet m 
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America consisted of water, com, powdered milk, wHte bread and 
biscuits, occasionally with lettuce or green alfalfa; whereas the present 
daily ration comprises water, com, a special kind of dog biscuit, and 
rye bread. Green alfalfa is added during warmer weather. Milk is 
omitted. Both diets appear to be adequate. The method of keeping 
and handling the animals has not been changed. 

The change in the environmental conditions seems to have had no 
influence whatever on the course and character of the epidemic. The 
disease is still subclinical. Intrauterine infection appears to be its 
only mode of transmission, and all of the mice from the infected stock 
tested have been carriers of vims. 

DISCUSSION 

The present mildness of the disease in the infected stock appears to 
have been brought about by a combination of two factors, namely, a 
change in the mode of transmission of the infection, and a shift in the 
severity of the disease vrith regard to the age of the mice at the time 
of infection. This shift, in turn, seems to have been caused by a 
decrease in the pathogenicity of the vims for embryonic mouse tissue, 
and a concurrent increase in the resistance of the stock mice to in- 
trauterine infection. Shifts in the severity of the infection in relation 
to the age of the host also occur with other vims diseases. Some epi- 
demics of poliomyelitis, for instance, are associated with imusually 
severe reactions in adults, while the disease in children is milder in 
contrast to its usual behavior. 

If no other shift occurs in the future, one may expect the natural 
disease to remain mild as long as intrauterine infection represents its 
only way of transmission. The picture may change, however, when 
some litters are born vims-free and become infected by contact. In 
this case one might again find sick mice, unless the resistance to the 
virus of suckling stock mice has increased also. 

The disease has reached a remarkable equilibrium. It no longer 
causes %-isible illness, nor is the vims markedly inhibited by the de- 
fensive forces of the body. If the \’ims were a firing organism, one 
might call its present relationship to the host a “perfect parasitism.” 
Theoretically, the mouse is an ideal reservoir host for the rims. 

The cause for the change in the communicability of the experimen- 
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tal disease has not been determined. Since the contagiousness of the 
disease seems to depend entirely or in part on the virus content of the 
nasal secretions, it is not unlikely that in 1935 the virus had a greater 
affinity for the upper respiratory tract of mature mice from the virus- 
free colony, which decreased with the progressive adaptation of the 
virus to embryonic mouse tissue. 

Hereditary factors, which may have played a part in the changes of 
the disease and are considered by some investigators to be of great 
importance in the epidemiology of infectious diseases, have not been 
studied, because it was not desirable for other reasons to interfere 
with the natural course of the epidemic by selective breeding, for 
instance, by establishing genetically pure mouse stocks. The possi- 
bility therefore exists that the genetic character of the mice has 
changed since 1935. In the course of extensive experimental work 
with mice from the virus-free colony the impression was gained that 
this stock has not changed genetically. It is not unlikely, however, 
that the above mentioned change in the resistance to intrauterine 
infection of the mice from the infected stock was of a genetic nature. 

The immunological factors influencing the disease are fundamentally 
the same as in 1935. It has been noted, however, that the number of 
immune mice whose blood and viscera contained no demonstrable 
virus progressively decreased in the infected stock. Today, tlie very 
solid immunity demonstrable in all of the stock mice is invariably 
associated with infection. Their tissues and blood contain surpris- 
ingly large amounts of ^’lrus (2). This “infection immunity” is of tlie 
utmost importance for the epidemiology of the disease, because it 
permits the virus to be transmitted in utero with great regularit)’’ and 
no doubt is chiefly responsible for the long persistence of tlie disease 
in the infected stock. It is due to the extremely poor antibody re- 
sponse to the infection in mice as well as to certain otlier factors whicli 
have recently been studied (2). 

SUMMARY AND CONCLUSIONS 

A small mouse stock in which lymphocytic choriomeningitis is 
endemic has been observ’^ed over a period of 4 years. The disease has 
persisted during that time, but it has become so mild that it can no 
longer be recognized by clinical observation. In spite of this fact, all 
of the stock mice tested, both young and old, carried considerable 
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amounts of virus in their organs and blood. The females readily 
transmit the infection to their offspring. Intrauterine infection has 
become the only mode of transmission of the disease in contrast to 
the situation in 1935 when a certain number of mice were bom virus- 
free and became infected by contact shortly after birth. 

The present mildness of the disease appears to be due to two factors, 
namely, the change in its mode of transmission just mentioned, and a 
shift in the severity of the disease with regard to the age of the host at 
the time of infection. This shift has occurred gradually since 1935 
when the mice infected in uiero were the only ones to become sick. 
Since 1937, however, the virus is quite harmless for such animals and 
produces symptoms only in suckling mice from the virus-free stock 
exposed to contact infection. Evidence is presented which suggests 
that the shift in the severity of the disease was caused by a decrease 
of the pathogenicity of the virus for embryonic mouse tissue and a 
concurrent increase of the resistance to intrauterine infection of the 
mice from the infected stock. 

Another change noted concerned the communicability of the 
experimental disease. In contrast to observations made in 1935 the 
experimental infection of mature mice from the virus-free colony is 
now very rarely transmitted by contact to healthy mice, young or old. 
Suckling mice from the same stock infected by intranasal instillation 
of virus, however, readily transmit the disease and continue to do so 
as they grow up. The same is true for mice infected naturally. The 
reason for this discrepancy has not been ascertained, but it has been 
shown that naturally infected mice capable of transmitting the disease 
in general discharge large amounts of \’irus through the nose for a 
longer period of time than mature mice infected e.xpcrimentally which 
fail to transmit their infection. It may likewise be of significance in 
this connection that the \'irus can lose its communicability by animal 
passage. 

A marked cliange (chiefly climatic and dietar\')1n the en\'ironmental 
conditions of the infected stock failed to influence the course and 
character of the epidemic. 
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OSMOTIC PRESSURE STUDY OF PROTEIN FRACTIONS IN 
NORMAL AND IN NEPHROTIC SUBJECTS 

Bv JAQUES BOtFRDILLON, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, March 16, 1939) 

This paper presents studies of protein osmotic pressures aimed to 
yield evidence on two questions, namely: (1) YiTietiier albumin and 
globulin in the serum of patients with nephrosis are identical with 
albumin and globulin in normal serum, and (2) whether the albumin 
and globulin in the urine of such patients are identical with the cor- 
responding proteins in the serum, either of normal subjects, or of the 
patients themselves. 

1. Difcrences between Serum Proteins of Normal Subjects and Serum 
Proteins of Patients with Nephrosis 

Earlier studies, reviewed by Goettsch and Reeves (6), and Alving 
and Mirsky (4), failed to reveal essential differences, either chemical 
or physicochemical, between normal serum proteins and the proteins 
in Bright’s disease. 

More recently, however, evidences of differences have been ob- 
tained. Working with the ultracentrifuge, McFariane (11) has ob- 
served an abnormal sedimentation rate with the serum and urine from 
several cases of proteinuria, including nephritis, which suggested 
the presence of abnormally polydisperse albumin. As concerns ne- 
phrosis in particular, Tuchman and Sobotka (15) have found that 
the scrum albumin contains more tyrosine, the globulin less, than in 
normal cases; Alving and Mirsky (4) have presented e\'idence of the 
existence of an abnormal albumin fraction with a low cj-stine content; 
Goettsch and Reeves (6) have obsciwed immunological differences 
consisting in the fact that nephrotic albumin and globulin fail to 
precipitate completely rvith antisera developed against normal al- 
bumin and globulin. 
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one determination is only 0.2 cc. and its concentration need not be 
higher than 0.2 per cent. At such low concentrations, the van’t 
Ho2 law can be applied without corrections; therefore the results 
have been expressed, for simplicity’s sake, directly as molecular 
weights. 

The procedure previously indicated has been closely followed (5). 
Except in Table I, nearly all determinations were carried out in 
duplicate, sometimes triplicate or quadruplicate. There were prac- 
tically no erratic results. Duplicate determinations usually checked 
within less than 5 per cent, the mean deviation for all the determina- 
tions being less than 2 per cent. The molecular weights given in 
the tables were calculated with the help of Table I in the preceding 
publication (5). The lower the concentration, the more closely 
(excluding experimental errors) should the figures given represent 
the true molecular weights. Actually, in the range of small con- 
centrations used here, the differences are usually unappreciable. 

Preparation of Material . — For the preparation of dilute serum sam- 
ples (Table II), the blood was simply allowed to dot at room tem- 
perature, the cells were discarded after centrifugation, and serum 
and diluting fluid were mixed in the proportions indicated in Table II. 
Albumin and globulin concentrations were determined by Howe’s pre- 
cipitation and Van Slyke’s manometric micro Kjeldahl method (12). 

For the preparation of the protein fractions, it was felt that the 
simplest procedure would be the best, since it was the least likely to 
interfere with the state of aggregation of the proteins. In this in- 
stance there seemed to be no point in subjecting the material to such 
drastic treatments as have been applied by some investigators (17), 
especially since even the most elementary procedure of precipitation 
has been shown by the ultracentrifuge to cause definite irreversible 
changes (10), and since our aim for the moment was to find whether 
there were differences between normal and pathological sera, rather 
than to isolate more or less artificial products with apparently constant 
properties. 

The procedure, which was entirely conducted at room temperature, 
was generally as follows; 

The blood \ras allowed to clot and the cells discarded after centrifugation. To 
about 5 cc, of serum was added an equal volume of saturated ammonium rulfatc 
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solution, and the precipitate formed was filtered off after a few hours. The 
globulin precipitate was washed several times on the filter with half saturated 
ammonium sulfate, then scraped from it and dissolved in a little water. Since 
with nephrotic globulins the solution remained as opaque as milk, it was then in 
some cases shaken twice with an equal volume of ether, which was syphoned off 
after centrifugation. This procedure left a practically clear solution, which was 
transferred into a cellophane bag for dialysis. The albumin was precipitated from 
the filtrate with an excess of solid ammonium sulfate, filtered off, and then trans- 
ferred. An alternative procedure, which was successful with nephrotic serum 
only, was to centrifuge the precipitated albumin. It w’ould then collect rapidly 
at the top of the tube like a thick yellow paste, and could be scooped up with a 
spatula, the remaining fluid being water-clear. Apparently the high lipid content 
of the albumin fraction in nephrosis is responsible for this behavior, since in normal 
cases centrifugation at usual speed is quite ineffective. 

In some cases the procedure was slightly varied. In one case, the serum al- 
bumin was caused to crystallize at room temperature by adding M/1 acetic acid 
to the filtrate from globulin. The crystals were kept in the ice box over 2 months 
in the mixture recommended by Adair and Robinson (2) before they were dialyzed. 
In another case, normal globulin scraped from the filter was dissolved in 15 cc. of 
0.15 M NaCl, then reprecipitated at half saturation before dialysis. Still in 
another, normal plasma instead of serum was used for a globulin determination. 
Details of technique are briefly indicated in the tables. 

Dialysis was performed with small sections of cellophane tubing clamped flat 
against a piece of hard rubber plate and rocked in a trough for a few hours; the 
outer fluid, 0.15 m NaCl, was often renewed and the gradual decrease in it of 
ammonia concentration could be easily traced with Nessler’s reagent. For the 
preservation of globulin solutions, a higher concentration was found preferable, 
therefore concentrated NaCl was added after dialysis so as to make the final salt 
concentration about 0.9 molar. 

It should be clearly understood that the terms albumin and globulin 
used here mean nothing more than two rather easily separable frac- 
tions, and that no claim is made as to their individuality or homo- 
geneity. By definition, the two fractions obtained in this way from 
normal serum represent what is usually understood as albumin and 
globulin, the characters of both of which are now, from the physico- 
chemical standpoint, fairly well established; but in connection with 
nephrotic serum these two words are used here only in their restricted 
original sense, namely, to designate, respectively, that part of serum 
(or urine) protein which precipitates at complete saturation, and 
that part which precipitates at half saturation, with ammonium 
sulfate. 
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When normal serum is used, the separation of the two fractions in 
this way is quite sharp, the filtration can be carried out immediately, 
and the filtrate containing the albumin fraction remains dear in- 
definitely. The procedure was found to be less satisfactory when 
dealing with nephrotic serum, though filtration could be performed 
more rapidly than with Howe’s method (9) ; the filtrate obtained was 
usually quite transparent after an hour or two, but would not remain 
so more than 12 or 24 hours. 

The protein solutions obtained after dialysis sometimes contained 
a very slight predpitate which could be filtered ofil easily; in case of 
normal albumin and urine proteins, the filtrates were water-dear; 
with pathological sera and normal globulin, a slight milkiness usually 
persisted, even after treatment with ether. Treatment with ether did 
not appredably affect the osmotic pressures measured. 

The nitrogen content was determined by Van Slyke’s gasometric 
Kjeldahl method (12). For the protein: nitrogen ratio, the factors 
6.41 for albumin and 6.61 for globulin, obtained by Adair and Robin- 
son (3) for horse serum, were provisionally used. 

The nephrotic subjects from whom the serum was obtained were 
as follows: 

G. B., female, 24 years, typical nephroUc s>Tidrome of 1 year’s duration. About 
35 liters of edema in November, reduced to 15 liters 2 months later. Proteinuria: 
30 gm. per daj'. Subnormal urea clearance. 

S. G., male, 9 years, typical nephrotic syndrome of 1 year’s duration. Con- 
siderable ascites and edema. Proteinuria: 6 gm. per day. Normal urea clearance. 

P. F., male, 3 years, and W. H., female, 33 years; both cases of nephrotic sjn- 
drome with low urea clearances. 

Results of Scrum Protein Studies 

Table I gives the molecular weights calculated from the osmotic 
pressures of normal human albumin and globulin. For albumin, 
the figure of 72,000 may probably be taken as a reasonable average, 
and it appears that the mode of precipitation had no effect on the 
results. For globulin, the figures given for Jan. 11 should probably 
be chosen as the most reliable; cadi one of them is the average of 
four determinations (in each case two osmometers were used and 
the determinations repeated on the same sample of scrum). The 
most trustworthy osmotic pressure measurements obtained from 
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was used, and the mean molecular weight found for the globulins was 
significantly higher. If one assumes that fibrinogen represents one- 
tenth of the total globulins, a rough calculation indicates that its 
molecular weight would have to be about twice that of the other 
globulins to cause the observed difference between plasma and serum; 
the point is left open for further investigation. 

Table 11 gives the osmotic pressures developed by diluted serum 
both in normal and in nephrotic cases, and the theoretical pressures 
calculated with the help of equation 1 by taking 28.8 cm. of toluene 
as the pressure of a millimolar solution at 21°, assu m ing all the sera 
investigated to be a mixture of albumin with a molecxilar weight of 
72,000 and of globulin with a molecular weight of 164,000, and taking 
for the concentrations the values indicated in the second column. 
Various diluting fluids were used, and the amiformity of the results 
shows that neither the salt content nor the pH of the fluid had any 
significant effect on the pressures developed. It appears that, whereas 
in the normal cases observed osmotic pressures agreed closely with 
those calculated from equation 1 with the molecular weights found 
for normal proteins, such agreement was not found for the nephrotic 
sera. The mean deviation of -f 4 per cent found with normal serum 
may be easily accounted for by the possibility that the albumin con- 
centration is actually a little greater than the values obtained by 
Howe’s method (9). The mean deviation of —35 per cent in the 
nephrotic cases indicates the presence of proteins with abnormally 
high molecular weights. 

To ascertain whether the nephrotic proteins were in fact of ab- 
normally high molecular weight, the osmotic pressures of albumin 
and globulin isolated from nephrotic sera were measured. The results, 
expressed as mean molecular weights, are given in Table HI. The 
weights found for albumin are about 50 per cent higher, for globulin 
100 per cent higher or more, than in normal cases. Above 2 per cent 
concentrations, the de%'ialion from the van’t Hoff law already becomes 
apparent, the molecular weights obtained being appredab'ly smaller 
than in more diluted solutions. 

If we take the case of G. B., Jan. 10, (Table II) and substitute in 
equation 1 the values obtained on that day for albumin and globulin 
concentrations and those of Dec. 31 for the molecular weights (Table 
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in), the theoretical pressure for a serum diluted four times would be 
(taking 28.8 cm. of toluene as the pressure of a mil solution at 21°) 

/ 15,700 21,500 _\ ^ 23 g j /4 _ 17 6 nun. of toluene, 

\ 102,000 240,000/ 

instead of the 16.5 nun. observed. For a dilution of ^ the calculated 
values would be 8.8 mm. instead of the 8.2 to 8.5 observed. 

TABLE m 


Molecular Weights oj Serum Albumin and Glohtlin in Nephrotic Sulyects 
Calculated from Colloidal Osmotic Pressures 
Outer fluid; 0.15 u NaCl for albumin; 0.9 M NaCl for globulin. 


Subject 

Albumin 

Globulin 

Concentration 

Molecular weight 

Concentration 

Molecular weight 


per cent 


per cent 


G.B. 





Nov. 27 

0.166 

105,000 




0.196 

106,000 



Dec. 31 

0.442 

104,000 


217,000 


0.628* 

104,000 


240,000 


0.314* 

99,000 



S. G. 





Nov. 29 

0.196 

122,000 



Dec. 16 



1.34 

298,000 

Dec. 31 



2.17 

314,000 




1.09 

353,000 




0.504 

346,000 


* In these two samples the lipids -were extracted with ether after dialj-sis, 
after which the sample was redialyzed for 2 hours. 


More accurate calculations arc probably not warranted, since the 
proteins were precipitated wth ammonium sulfate for the molecular 
weight determinations, and with sodium sulfate for the determinations 
of concentration. The two salts have been found to predpitate 
approximately the same amounts of globulin in normal serum, but 
whether the same holds for nephrotic scrum has not been investigated. 
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2. Nature of the Proteins in the Urine of Nephrotic Patients 

The earlier literature about proteinuria has been reviewed by Hiller 
et al. (8), who have found that in nephrosis the albumin : globulin 
ratio is usually above 10, whereas it is usually lower in glomerulo- 
nephritis. It has been thus far generally assumed that the albumin 
and globulin of urine in Bright’s disease were identical witli the al- 
bumin and globulin of normal serum. McFarlane (11), however, 

TABLE rv 

Molecular Weights of Urine Albumin and Globulin in Nephrotic Subjects 
Calculated from Colloidal Osmotic Pressures 
Outer fluid: O.IS m NaCl for albumin; 0.9 m NaCl for globulin 


Subject 

Albumin 

Globulin 

Concentration 

Molecular weight 

Concentration 

hlolccular weight 

S. G. 

Dec. 1 

ftr cent 

O.S60 

0.187 


per cent 


G. B. 

Dec. 5 

0.439 

61,600 

m 

114.000 

120.000 

Jan. 23 



0.712 


P. F. 

Dec. 5 

0.555 

66,700 



W. H. 

Dec. 12 

0.403 

57,200 

1.13 

120,000 


has observed that the urine albumin of patients with Bright’s disease 
is less homogeneous in the ultracentrifuge than is normal albumin. 

Methods 

For the preparation of albumin and globulin fractions urine was 
treated like serum, except that treatment wnth ether was omitted. 
The albumin-containing filtrate, after globulin precipitation, was 
always perfectly clear, as that of normal serum. Osmotic pressures 
were measured as indicated above. 
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Results until Urine Proteins 

Table IV gives the results. The molecular weights calculated from 
the osmotic pressures of the urine albumin and globulin are definitely 
below the weights obtained for the albumin and globulin of normal 
serum; the difference is more marked for globulin than for albumin. 

DISCUSSION 

It goes without saying that the molecular weights given for albumin 
and globulin fractions in the tables should be assumed to indicate 
only the average sizes of the molecules in each fraction. The globulin 
fraction, from its salting-out curves, electrophoretic behavior (14) 
etc., is in general believed to include more than one distinct protein, 
and the albumin fraction of nephrotic serum appears also to be hetero- 
geneous. Of the fractions here studied, the albumin of normal serum 
is the only one that, from its physicochemical behavior and its crystal- 
lizability, may perhaps be homogeneous. We have not been able to 
crystallize the albumin of nephrotic patients, either from serum or 
from urine. 

McFarlane (11) has studied the sedimentation rates in the ultra- 
centrifuge of the serum and urine proteins of five cases of proteinuria. 
One of these was apparently a case of nephrosis, another a case of 
nephritis. In all cases the serum showed the presence of polydisperse 
albumin. Our conclusions are therefore in accord with his. 

The data of Table II indicate that the pressure of highly diluted 
serum can be expressed as the sum of the partial pressures of albumin 
and globulin, if correct figures for the specific pressure, or molecular 
weight, of each fraction arc used in the calculation. This appears to 
be true not onh' for normal scrum, but also for nephrotic serum, in 
which the molecular weights of both albumin and globulin, as sepa- 
rated with ammonium sulfate, were found to be from 50 to 100 per 
cent higher than in normal serum. 

Since we arc still in ignorance as to the laws which govern deviation 
from the van’t Hofi law, it is probably not warranted to compare 
the results presented here with those obtained from osmotic pressure 
measurements on higher concentrations, and without attempt to 
estimate i^pccific pressures at infinite dilution. This statement applies 
to the formulas, calculated by Govaerts and his followers (7, 16, 18), 
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EXPERIMENTAL HYPERTENSION 

The Epfects oe Unilateeal Renal Ischemia Combined with 

Intestinal Ischemia on the Arterial Blood Pressure* 

Bv ALFRED BLALOCK, M.D., SANFORD E. LEVY,** M.D., asd 
RALPH D. CRESSMAN, M.D. 

{From the Department of Surgery of Vanderbilt University, Nashville, Tennessee) 

Plate 43 

(Received for publication, March 6, 1939) 

Longcope and McClintock (1) determined the effects of constriction 
of the celiac axis and superior mesenteric artery of dogs by means of 
aluminum bands and found that neither cardiac hypertrophy nor 
hypertension followed the narrowing of these vessels. Blalock and 
Levy (2), by multiple stage operations, produced complete occlusion 
of the celiac axis, superior and inferior mesenteric arteries in survival 
experiments on dogs and reported that these procedures do not result 
in arterial hypertension. However, the blood pressure did not return 
entirely to the control level in approximately one half of the animals 
which survived following complete occlusion of the three main intes- 
tinal vessels, remaining elevated about 15 to 20 mm. Hg. This was 
considered to be of no significance but in view of later observations, 
it may be of importance. 

The present c.xpcrimcnts consist of a study of the effects on the blood 
pressure of unilateral renal ischemia in animals in most of which the 
three main intestinal vessels had been occluded previously. 

Methods and Results 

Dogs were used in all experiments. The blood pressure was deter- 
mined by puncturing the femoral artery with a needle that was con- 

• Aided by a grant from the Division of Medical Sciences of The Rodrcfeller 
Foundation. 

** National Research Council Fellow in the Medical Sdeaces. 
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nected to a mercury manometer. The value obtained is approxi- 
mately the mean blood pressure. The celiac axis, superior and inferior 
mesenteric arteries were occluded completely in multiple stage opera- 
tions by the use of Goldblatt clamps.^ In four experiments, unilateral 
renal ischemia was not produced until after the occlusion of these 
intestinal vessels had been rendered complete. In one experiment, due 
to an oversight, unilateral renal ischemia was caused before tire inferior 
mesenteric artery was occluded. In the sixtli experiment, intestinal 
and unilateral renal ischemia were induced simultaneously. 

Since the experiments were few in number and since the procedures 
and results varied somewhat in the different studies, tlie protocol of 
each experiment is given in a moderate amount of detail. The two 
figures for blood pressure are the high and low values associated vdth 
the act of respiration. 

Dog 1. Aug. 5, 1937, control blood pressure (needle puncture) 125-130. Aug. 
5, incision left flank, Goldblatt clamps to celiac axis, one of 25 turns, to superior 
mesenteric artery of 2J turns. Slight temporary rise in blood pressure. Aug. 
24, blood pressure 125-130. Aug. 25, ^ additional turn of each clamp. Sept. 
20, blood pressure 110-125. Abdominal incision, Goldblatt clamp to inferior 
mesenteric artery 2J of 3i turns. Oct. 23, blood pressure 142-152, incision left 
flank. Clamp on superior mesenteric artery had cut through arter}', clamp came 
out when grasped. Clamp on celiac axis completely tightened. Nov. 4, blood 
pressure 160-166, abdominal incision, arterial pulsations could not be felt in 
intestinal vessels. Clamp on inferior mesenteric artery completcb' closed. The 
blood pressure the succeeding 2 months averaged approximately ISO mm. Hg. 
Jan. 14, 1938, incision left flank, Goldblatt clamp to left renal artery two of 3 J 
turns. Jan. 19, blood pressure 210-215. The mean blood pressure which was 
determined every 2 or 3 days has remained at approximately that level. Aug. 3, 
blood pressure 205-215, incision right flank, the right kidney and renal vessels 
seemed entirely normal. Kidney possibly somewhat hj-pertrophied. Tulsations 
could be felt in arteries in mesentery of intestine but they were thought to be 
diminished. Jan. 31, 1939, blood pressure 215-225. Feb. 18, blood pressure 200- 
210. This dog lost weight during tlie process of occlusion of the vessels to the 
intestinal tract but has more than regained it since that time. Despite the fact 
that a clamp was applied to the renal artery of only one kidney, there has been 
a persistent elevation in blood pressure for almost 14 months. The blood pressure 
readings are recorded in Text-fig. 1. 


' Furnished through the courtesy of Dr. Harry Goldblatt, Cleveland, Ohio. 
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Dog 2. Feb. 2 to Feb. 10, 1938, control blood pressure (needle puncture) varied 
from 105 to 130 nun. Hg. Weight 8.5 kg. Feb. 10, incision left flank, Goldblatt 
clamps to celiac axis, M of turns, to superior mesenteric artery, % of 3^ turns, 
to left renal arterj' 1 f of 3 1 turns. A moderate rise in the blood pressure followed. 
Mar. 5, blood pressure 160-170. Incision left flank. Clamps on ceh'ac axis and 
superior mesenteric artery each tightened turn, clamp on renal artery 
ti^tened turn. Mar. 16, blood pressure 150-165, inferior mesenteric artery 
doubly ligated and divided. Apr. 15, blood pressure 158-166. Apr. 19, blood 
pressure 130-138. Weight 8.2 kg. Apr. 21, clamps on celiac axis and superior 
mesenteric artery completely closed. Clamp on renal artery tightened K turn. 
Apr. 30, blood pressure 175-185. The mean blood pressure continued to range 
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Text-Fig. 1. Dog 1. . = mean arterial blood pressure. CA, SM (1), partial 
constriction of celiac axis and superior mesenteric arterj'. IMA (1), partial 
constriction of inferior mesenteric artery'. CA, SM (2), ceh’ac axis and superior 
mesenteric artery completely occluded. IMA (2), inferior mesenteric artery 
completely occluded. RA, partial constriction of left renal artery'. 

between 170 and 210 mm. Hg, the usual level being about 195 mm. Hg. Nov. 
16, blood pressure 182-18S, incision left lower chest, supradiaphragmatic splanch- 
mccctomy on left. Nov. 23, blood pressure 195-205. Dec. 2, blood pressure 
190-200. Dec. 3, supradiaphragmaUc splanchnicectomy on right. Dec. 5, blood 
pressure 205-215. Feb. 9, 1939, blood pressure 190-198. Ether, incision right 
flank. Right kidney and artery normal, incision closed. Feb. 1 1 , blood pres'aire 
IW-200. Feb. 20, blood pressure 190-200. Weight 7.4 kg. It is now more than 
10 months since the Goldbbtt clamp on the renal artery was tightened the last time 
and the blood pressure has remained derated. The blood pressure rcadincs are 
given in Teit-flg. 2. ^ 
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Dog. 3. Feb. 25, 1938, weight 8.0 kg. Control blood pressure (needle puncture) 
124-130. Incision left flank, Goldblatt clamps to celiac axis, IJ of 2J turns, to 
superior mesenteric artery ^ of 3 ^ turns. Slight temporary rise in blood pressure. 
Mar. 18, blood pressure 114-122. Incision left flank, H turn to clamp on celiac 
axis and one turn to that on superior mesenteric artery. Temporary rise in blood 
pressure. Apr. 8, inferior mesenteric artery doubly ligated and divided. Majf 17, 
blood pressure 145-155. Incision left flank, the occlusion of the Goldblatt clamps 
on the celiac axis and superior mesenteric artery was made complete. Slight rise 
in pressure. June 14, blood pressure 140-145. Incision right flank, Goldblatt 
clamp to right renal artery 1| of three turns. June 20, blood pressure 190-196. 



Text-Fig. 2. Dog 2. • = mean arterial blood pressure. CA, SM, RA (1), 
partial constriction of celiac axis, superior mesenteric artery and left renal artery. 
CA, SM, RA (2), constriction of these three vessels increased. IMA, ligation and 
division of inferior mesenteric arterj'. CA, SM, and RA (3), celiac axis and 
superior mesenteric arter>’ completely occluded, constriction of left renal artcrj’ 
increased. Right and left splanchnicectomy, supradiaphragmatic approach. 

June 21, blood pressure 220-230. It is now more than 8 montlis since this single 
application of the Goldblatt clamp to the renal artery of one of the two kidneys, 
the blood pressure has remained elevated, the mean pressure ranging from 170 to 
215 mm. Hg. Weight of animal 10.0 kg. The blood pressure readings arc given 
in Text-fig. 3. 

Dog. 4. Nov. 5, 1937, mean blood pressure 115-120. Incision left flank, 
Goldblatt clamp to celiac axis 1} of 3i turns, to superior mesenteric artery H of 
3i turns. Little if any alteration in blood pressure followed. Nov. 26, blood 
pressure lOS-116, incision left flank, each clamp tightened H turn. Dec. 16, 
blood pressure 122-130, clamp on inferior mesenteric artery 2i of 3 J turns. Slight 
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rise in pressure followed. Jan. 3, 1938, blood pressure 138-144, incision left flank, 
clamps on celiac axis and superior mesenteric artery completely tightened. Jan. 
11, blood pressure 142-146, lower abdominal incision, clamp on inferior mesenteric 
artery completely closed. No pulsations could be felt in mesenteric vessels. Jan. 
24, blood pressure 128-134, incision right flank, Goldblatt clamp to right renal 
artery, 1 J of 3§ turns. Moderate rise in blood pressure. Feb. 10, blood pressure 
175-180. Incision right flank, Vi turn of damp on renal artery. Feb. 14, blood 
pressure 204-210. Mar. 16, blood pressure 170-175. Incision right flank, V 
turn of clamp on renal artery. Mar. 26, blood pressure 175-180. The mean 
hlood pressure remained at approximately this level. July .2, blood pressure 


175-180. July 7, blood pressure 155-160. Dog has developed dischargmg sinus 



rcaMAA. APR. UAY JUNC JULY AUG. 5CPT.OCT. NOV. OtG JA.N. FCB. 
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Text-Fig. 3. Dog 3. • = mean arterial blood pressure. CA, SM (1), partial 
constriction of celiac axis and superior mesenteric artery. CA, SM (2) increase 
in constriction of same two vessels. IMA, ligation and division of inferior mes- 
enteric arterj’. CA, SM (3), complete occlusion of celiac axis and superior 
mesenteric arter>’. RA, partial occlusion of right renal artery. 

right flank. Indsion right flank. Enormous right kidney with marked pyone- 
phrosis. Autopsy showed complete occlusion of right renal arterj-, ceUac axis, 
superior and inferior mesenteric arteries. Left kidney and left renal arterj- ap^ 
pcared normal. The blood pressure remained definitely elev-ated for more than 5 
months following constriction of the arterj- to one of the two kidnej-s. It began 
to dedine when a severe pj-onephrosis devdoped. 

Dog 5. Weight 12.4 kg. Control blood pressure (needle puncture) 120-130 
mm. Ilg. Feb. 25, 193S, indsion left flank, Goldblatt clamps to celiac axis 2» of 
four turns, to superior mesenteric arterj- V ol 31 turns. Feb. 28, blood pressure 
1-6-162. Slow return of blood pressure to normal. Mar. 18, blood pres- 
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sure 110-120. Incision left flank, ^ turn to clamp on celiac axis and 1 J- to clamp 
on superior mesenteric artery. Slight rise in blood pressure. Apr. 9, inferior 
mesenteric artery doubly hgated and divided. Shght rise in blood pressure. 
May 17, blood pressure 135-140, clamps on celiac axis and superior mesenteric 
artery completely closed. Very little change in blood pressure. June 9, blood 
pressure 130-135. Weight 11.9 kg. June 14, blood pressure 145-150, Incision 
right flank, Goldblatt clamp to right renal arter}'’, two of three turns (pulsation 
obliterated at 2^ turns). June 17, blood pressure 160-165. July 2, blood pressure 
184-190, weight 11.8 kg. July 11, blood pressure 165-170. Incision right flank, 
kidney smaller than normal. Right main renal artery found to be completely 
occluded. Pulsations could be felt in ureteral vessels. July 15, blood pressure 
165-170, The blood pressure varied during the succeeding 4 months between 
140 and 180. Nov. 7, blood pressure 160-165, incision left flank, Goldblatt clamp 
to left renal artery, 4/5 of 2f turns. Nov. 12, blood pressure 190-195. Nov. 16, 
blood pressure 210-215. Dog looked sick. Incision left flank reopened, blood 
clot around clamp, clamp loosened. Nov. 21, blood pressure 230-236, N.P.N. 28. 
Marked elevation in blood pressure continued. Dec. 5, blood pressure 270-275. 
Dec. 12, weight 12.4 kg. Blood pressure 250-260. Given large dosages of 
phlorizin for 4 days at suggestion of Dr. Morton F. hlason in order to study its 
effect on the blood pressure. The pressure remained markedly elevated. Dec. 19, 
blood pressure 250-260. Dec. 24, blood pressure 235-245, animal appeared to 
be in good condition, good appetite. No abnormality noted except that eyes 
had been rather prominent for several weeks. Dec. 25, animal died, apparently 
rather suddenly. Autopsy revealed the following findings. Bloody fluid in 
both pleural cavities. The pericardium was filled with blood, most of which was 
clotted. The clot weighed 90 gm. There was a hemorrhagic area overlying the 
intrapericardial portion of the aorta with hemorrhage into a cavity which appeared 
to be between the adventitia and media of the wall of the aorta. There was a 
peculiar small defect overlying the left descending coronary arterj'. On one 
occasion it was thought that a small blood clot was squeezed from it but this could 
not be repeated. The kidneys were essentially normal in size, the left slightly 
smaller than the right. The left main renal artery was occluded. The lumen 
of the main right renal artery was occluded but tliere was a smaller artery which 
was patent. Hemorrhagic area just beneath the capsule of the left kidney. The 
celiac axis, superior and inferior mesenteric arteries were found to be completely 
occluded. The intestinal tract appeared to be essentially normal. 

Dr. James Dawson of the Department of Patholog>' studied the microscopic 
sections and gave us the following report: 

Examination of sections from the aorta shows that the wall of this vessel has 
been split. This is shown in Fig. 1. This splitting of the wall is seen in the outer 
third of the media. In general the coats of this vessel appear normal e-xcept for 
the blood filled space. There arc, however, focal areas in which there is acute 
mcdio-necrosis associated with a pcljanorphonuclcar leucocytic infiltration. This 
necrosis occurs in the outer portion of the media chiefly, Verhoeff elastic tissue 
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stEins sliow little alteration in tie elastic fiirilsj there is tjuestionable fraying but 
nothing more. The vasa vasorum in general have narrowed lumina; the degree 
of narrowing varies considerably but some are almost obliterated. This is shown 
in Fig. 2. This narrowing is due chiefly to intimal thickening. The split in the 
vessel wall generally is lonptudinal for the most part but in some instances one 
sees clefts which run at right angle to the long axis of the vessel. These have 
extended through to the adventitia and within themasweUasin theperi-adventitial 
stroma there is massive, fresh hemorrhage. 

There is narrowing of the lumina of the smaller arteries and arterioles in the 
retina due to increase in thickness of media and intima. In the brain a few minute 
areas of softening are seen but there is little or no change in the vessel walls. 
The smaller branches of the coronary arteries show no definite change. 

It is impossible to be certain of the sequence of events which transpired but it 
seems likely that obliteration of the lumina of the vasa vasorum, due to intimal 
thickening, led to necrosis of the media with the weakening of the wall; with the 
coexistent hypertension, rupture occurred and blood was forced into the vessel 
wall where it dissected along the media, finally escaping into the pericardium and 
leading to the death of the animal. 

Dog 6. Male, weight 10.2 kg. Control blood pressure (needle puncture) 130- 
135. Feb. 22, 1938, incision left flank, Goldblatt clamp to celiac axis, of 3 
turns, to superior mesenteric artery, of 3 turns. Feb. 25, blood pres- 
sure 140-146. Mar. 14, blood pressure 120-125, incision left flank, each Goldblatt 
clamp tightened turn. Mar. 25, weight 7.75 kg., blood pressure 110-115. 
Blood pressure remained at approximately this level. May 18, constriction of 
celiac axis and superior mesenteric arterj’ was made complete. June 14, blood 
pressure 124-130, incision left flank, Goldblatt clamp to left renal artery If of 3i 
turns (occluded pulsation at 2i turns). June 16, blood pressure 150-155. June 
20, weight 9.3 kg., blood pressure 140-145. June 25, clamp on left renal artery 
tightened K turn. July 2, weight 8.81 kg. Blood pressure 130-135. Abdominal 
incision. Inferior mesenteric artery which was approximately twice the normal 
size was doubly ligated and dhided. Verj- little alteration in the blood pressure. 
July 16, weight 9.27 kg., blood pressure 135-140. Incision left flank, kidney 
approximately one-fourth normal size. The damp had cut through the artery. 
Its removal was followed by some bleeding, renal arterj- and vein ligaUon necessary 
in control of hemorrhage. No pulsations felt in ureteral vessels. Blood pressure 
slightly elevated for several days, return to approximately 135 mm. Hg where it 
remained. Oct. 20, weight 10,3, blood pressure 130—135. Nov. 7, incision right 
flank, Goldblatt damp to right renal artcrj-, one of 2} turns. Nov. 12, blood 
P^cure 120-125. Dec. 12, blood pressure 140-145. Dec. 22, blood pressure 
140-145, incision right flank, constriction of right renal artery increased by turn 
of damp. Dec. 29, blood pressure 175-180. Jan. 9, 1939, blood pressure'2I5*-225. 
.^nimal .appeared ill, N.P.N. 71. Jan. 14, blood pressure 200-206. Animal 
appears well. Weight 10.4 kg. Feb. 4, blood pressure 205-215. Feb. 13, blood 
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pressure 220-225. Feb. 20, blood pressure 210-216. There was very little eleva- 
tion in this animal until the second renal artery was constricted. It may be of 
significance that the Goldblatt clamp completely occluded the first renal artery. 

DISCUSSION 

It would appear to be more than a coincidence that a prolonged ele- 
vation in the blood pressure was observed in four of the six animals in 
which occlusion of the main arteries to the intestinal tract was followed 
by constriction of the renal artery of one of the two kidneys. As has 
been stated the pressure has remained definitely elevated for 14, 10, 
and 8 months respectively in three of the animals. The pressure 
declined in the fourth animal coincident with the development of pyo- 
nephrosis which was 5 months after the production of unilateral renal 
ischemia. The rise in pressure in the fifth animal was not so great 
and was not sustained as long. This may have been due in part to an 
accessory renal artery of moderate size which was found at the time 
of autopsy. It is interesting that this animal developed the most 
marked hypertension that we have observed following the induction of 
bilateral renal ischemia. Death was due to rupture of the intraperi- 
cardial portion of the aorta with resulting cardiac tamponade. There 
was very little elevation in the pressure in the sixth animal. It was 
found on exploration that the Goldblatt clamp had occluded com- 
pletely the renal artery. In two of the four animals in which uni- 
lateral renal ischemia resulted in the most marked and sustained eleva- 
tion in the blood pressure, the pressure was approximately 20 mm. 
higher before renal constriction than it had been prior to the produc- 
tion of intestinal ischemia. This may be an important factor in deter- 
mining the response to renal ischemia. In general, the animals which 
exhibited the most marked rise in pressure associated with intestinal 
ischemia showed an even more marked elevation when unilateral renal 
ischemia was caused. This relationship could not be tested in one of 
the animals since intestinal and renal ischemia were induced simul- 
taneously. A greater number of experiments are desirable and should 
be performed. The reasons for the relatively few c.xperimcnts reported 
here are the high mortality rate associated with progressive intestinal 
ischemia, the technical difficulties associated with repeated e.xposure 
of the clamps, and the long time that it is necessary to observ'c these 
animals. 
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That the rise in blood pressure associated with unilateral renal 
ischemia was not due to the absence of a second kidney was shown by 
an exploratory operation in which the kidney and renal artery were 
palpated. Constriction of the intestinal vessels was not observed to 
reduce the calibre of the aorta with a resulting effect on the renal 
circulation. The operations for the purpose of inducing intestinal 
ischemia were all performed through an incision in the left flank. In 
the procedure of producing unilateral renal ischemia, the right and 
left sides v/ere chosen an equal number of times. That the rise in 
blood pressure was not due to scarring of the renal pedicle associated 
with the operations on the intestinal vessels was shown by the absence 
of adhesions in the neighborhood of the right renal artery. Further- 
more, we were unable to produce hypertension in previous experiments 
by injecting sclerosing solutions (sodium morrhuate) into and around 
the walls of the two renal arteries. 

As stated, the prolonged elevation in blood pressure in four of these 
animals with unilateral renal ischemia would seem to be more than a 
coincidence. In a number of controls in which intestinal ischemia has 
not been present, we have not observed as lengthy and as marked 
elevations in pressure associated with unilateral renal ischemia. The 
usual finding is an elevation in pressure for 2 or 3 weeks followed by a 
return to the control level. 

The following has been the e.xperience of others. Goldblatt (3) stated, “It 
was shown in the original communication that h>’pertension of some degree follows 
the constriction of the main renal arter>' of only one kidney but that after a \-ariable 
period the blood pressure tends to return to the original level. In some dogs the 
blood pressure remains elevated for a considerable period following unilateral 
renal ischemia. In one dog, the mean blood pressure remained at a higher level 
than normal for about nine months following the constriction of the main renal 
artcrj- of only one kidney. During this time there was no impairment of renal 
function. After the removal of the kidney the blood pressure promptly fell to 
the normal level.” The control pressure in this animal was approximately 135 
mm. Hg and the pressure was approximately 180 mm. Hg 9 months following the 
production of unilateral renal ischemia. Goldblatt (4) stated subsequently, “In 
these and other studies, some of which have been reported, it has been found that 
when one renal artery is constricted adequately, the blood pressure rises in most 
animals and remains cle\-aled for a \-ariab!e period which lasts from wecl:^ to 
months, but eventually returns to a lower, or even the original, le\-el. In order 
to mate the hj-pertension persist for years, it is nccessara- cither to clamp the main 
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artery of the other kidney or to remove the normal kidney.” In a personal 
communication (1938), Goldblatt states that the most common experience follow- 
ing unilateral constriction is an elevation in pressure which lasts from 2 to 6 
weeks. Wood and Cash (5) have observed one dog in w'hich the blood pressure 
remained elevated for 2 years following the production of unilateral renal ischemia. 
The animal was a very "nervous” male which weighed 27 pounds at the time that 
the right renal artery was constricted. Using their method for determining the 
systolic and diastolic pressures, the control figures were 148 and 54 mm. Hg. 
2 years subsequently, the corresponding figures were approximately 200 and 83 
mm. Hg. There had been a gain in weight of lO.S pounds during this period. 
This may be of some significance. One of our animals has shown a considerable 
gain in weight. Elaut (6) produced h)rpertension by the Goldblatt method. He 
stated, “The hypertension is least pronounced and hardlj’- exceeds 190 mm. Hg 
when the compression is limited to only one renal artery, the other remaining 
intact. It rapidly exceeds 200 mm. Hg if one compresses equally the two renal 
arteries.” Verney and Vogt (7) report that the blood pressure was still elevated 
in one dog 104 days after unilateral renal ischemia had been induced. Fasciolo, 
Houssay, and Taquini (8) state, “Rise in blood pressure is obtained when ischemia 
of either or both kidneys is produced. If only one kidney is involved the blood 
pressure usually increases less and more slowly than if the two are involved; 
moreover, after a time it has a tendency to faU gradually to the normal level.” 

Additional confirmation of the rarity of a sustained elevation in the 
blood pressure following unilateral renal ischemia was obtained in the 
following additional observations. The first of these consisted of 
constricting partially one renal artery in eacli of five animals in which 
the two carotid and the two vertebral arteries had been ligated and 
divided previously. The latter procedure resulted in a moderate 
temporary elevation in the blood pressure. The production of uni- 
lateral renal ischemia was followed in four of the five animals by an 
elevation in blood pressure of about 35 mm. Hg which lasted for 
approximately 3 weeks. A rise in blood pressure of about 35 mm. Hg 
which persisted for 4,5 months, at which time the experiment was 
terminated, was noted in the fifth animal. The second observations 
consisted of producing unilateral renal iscliemia in seven dogs after 
the pressure had returned to normal following ligation and division of 
the two common iliacs and the two subclavian arteries. There was 
no definite elevation in the pressure in one of these. There was an 
elevation in pressure of approximately 35 mm. Hg in four of these and 
it remained elevated for periods ranging from 3 to 8 weeks. The pres- 
sure of one of tlie animals rose approximately SO mm. and remained 



A. BLALOCK, S. E. LEVY, AND K. D. CRESSIIAN 


843 


elevated for 11 weeks, at which time it returned to normal. The 
pressure of the seventh animal was elevated approximately 45 mm. 
for 3 months. It gradually declined after this time but did not quite 
return to the control level. 

In one animal reported by Goldblatt (9), the splenic artery and both femoral 
arteries were greatly constricted at different times before the clamps were applied 
to the renal arteries, but no rise of blood pressure occurred until after the renal 
arteries were constricted. 

That the non-ischemic kidney may be a factor in determining the blood pressure 
response to unilateral renal ischemia was shown by Blalock and Levy (10). In 
six of eight animals in which the blood pressure had returned to normal following 
the production of unilateral renal ischemia, removal of the sound kidney was 
followed by a re-elevation of the blood pressure. These findings have been con- 
firmed by Vemey and Vogt (7) and by Fasciolo, Houssay, and Taquim (8). 

Various operations on the nervous system, even total sjunpathec- 
tomy (11), do not prevent the development of or abolish theh}q)er- 
tension that is associated with renal ischemia. It is evident that the 
renal ischemia cannot be altered by these procedures as long as the 
clamps remain applied. Bilateral supradiaphragmatic splanchnic- 
cctomy was performed on one of our animals with marked hj'perten- 
sion associated with intestinal and unilateral renal ischemia. No 
alteration i'’ the blood pressure followed these procedures. 

The cause for the unusually great and well sustained elevation in 
the pressure in most of the animals with intestinal and unilateral renal 
ischemia is not apparent. Even if one may for the moment liken 
occlusion of the large vessels of the intestinal tract to arteriosclerosis 
of the great vessels, it is well known that changes in the smallest ar- 
teries or arterioles are more closely correlated with hypertension than 
arc lesions of the large arteries. A low blood pressure may be present 
in an individual with advanced arteriosclerosis. Extensive arterio- 
sclerosis of the vessels of the gastro-intestinal tract is encountered ver\- 
rarely. Occlusion of the large vessels to the intestinal tract at their 
origins from the aorta undoubtedly results in the opening up of many 
small vessels. This almost certainly results in an increase in the 
rc.ristancc to the flow of blood. This increase in resistance is appar- 
ently not great enough on its own account to cause a marked per- 
manent elevation in the blood pressure, the disappearance being due 
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chowski, to show that in the dog deprived of carotid sinus, cardio-aortic, pulmonar>’ 
and venous presso-sensitive zones, as in the spinal animal, the proprioceptive 
regulation of vascular zone still occurs, through presso-sensitive reflexes originat- 
ing mostly from the vascular territory of the celiac and mesenteric arteries and 
secondarily from the territory of the thoracic arteries.” It is possible that in- 
testinal ischemia increases the responsiveness of this regulating mechanism to 
the effects of the hypothetical renal pressor substance. 

Longcope and McClintock (1) examined at autopsy 46 patients in whom either 
the heart showed hypertrophy or the mesenteric artery and celiac axis were 
narrowed by arteriosclerotic processes, pressures from aneurisms, or from new 
growths. Of the 21 cases in which the splanchnic vessels were narrowed, only 
seven were associated with cardiac hypertrophy and in all seven cases a chronic 
nephritis coe.xisted. 

The experiments reported confirm this observation in that intestinal 
ischemia alone does not result in a marked permanent elevation in the 
blood pressure. 


SUMilARY 

Unilateral renal ischemia superimposed upon intestinal ischemia 
has resulted in a prolonged elevation in the arterial blood pressure in a 
high percentage of the animals which were studied. 
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HYPERTENSION 


EXPLANATION OF PLATE 43 

Fig. 1. Hemato.xylin and eosin. Photomicrograph of longitudinal section of 
aorta showing the split in the media and hemorrhage into the media and adventitia. 
X 30. 

Fig. 2. Hematoxylin and eosin. Photomicrograph showing vasa vasorum in 
media of aorta with narrowing of lumen due to tliickening, particularly in intima. 
X 500. 
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SEROLOGICAL STUDIES OF SWINE INFLUENZA VIRUSES 

Bv RICHARD E. SHOPE, M.D. 

{Prom the Department oj Animal and Plant Pathology of The Rock^eUer InstituU 

for Medical Research, Princeton, New Jersey) 

{Received for publication, Maith 16, 1939) 

Most of the work with swine influenza virus has been carried out 
with strain 15, recovered originally in Iowa in 1930. Prior to 1937 
this strain was, from time to time, superficially compared with swine 
influenza viruses obtained in different epizootic outbreaks, and no 
evidence to indicate immunological heterogeneity among the various 
strains was detected. Judgment of the identity of the viruses being 
compared was usually based upon their ability to produce cross- 
immunity in swine, though some cross-neutralization tests with sera 
of recovered smne or ferrets failed to detect strain differences either. 
Smne influenza viruses compared in this way with strain 15 or with 
one another and considered on the basis of the results obtained to be 
immunologically identical were strain 14 (Iowa, 1930), strain 17 
(Iowa, 1931), strain 18 (Iowa, 1932), strain 19 (Iowa, 1933), strain 20 
(Iowa, 1934), and strain 23 (Ohio, 1935). 

During the early years of work with human influenza virus, investigators re- 
covered strains from patients in different epidemics and widely separated localities. 
These viruses from man were assumed, largely on the basis of cross-immunity tests 
in ferrets, to be immunologically identical. In 1936, however, Mapll and Francis 
(1), using virus-neutralizing serum prepared in a non-susccptible host (rabbit), 
obtained e\ddencc that their Puerto Rico and Philadelphia strains differed anti- 
gcnically. Later Burnet (2), Andrewes (3), and Andrewes, Smith, and Stuart- 
Harris (4) demonstrated serological differences among other strains of human 
influenza virus. Recently the question of immunologic \'ariation among the 
large number of strains of human influenza \irus now a\-ailable for study has been 
thoroughly investigated by Magill and Francis (5, 6) in this country and by Smith 
and Andrcv,-cs (7) in England. The conclusions reached in both investigations 
were that ilierc is great immunological diversity among strains of human influenza 
virus and that the \nrus is antigcnically complex. Smith and Andrewes belies-cd 
that their experiments indicated the existence of at least 4 major antigenic com- 

647 
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ponents among the 28 strains of virus they studied. They classified the strains, 
on the basis of their content of the 4 major antigens, into 3 main categories, namely, 
highly specific strains, relatively non-specific strains, and intermediate strains. 
Magill and Francis classified their 24 strains into 6 groups as determined by sero- 
logical similarities or differences and pointed out that the strains which most 
closely resembled one another were, in general, those from the same epidemic of 
influenza. Serologically different strains were, however, also recovered from tlie 
same epidemic. 

These observations concerning serological diversity among strains 
of the human influenza virus raised the question of whether or not 
similar variations existed among strains of the swine influenza virus 
recovered in different epizootics. The experiments reported in this 
paper were conducted in an attempt to answer the question. 

Materials and Methods 

Strains of Virus . — The human influenza \nruses employed in the 
present experiments were strains WS, PR8, and Oaldiam, recovered 
respectively from cases of epidemic influenza in 1933, 1934, and 
1937.^ The swine influenza viruses used were strain 15 (Iowa, 1930), 
strain 20 (Iowa, 1934), strain 23 (Ohio, 1935), strain 24 (Nebraska, 
1936), strain 28 (Iowa, 1936), strain BC (New Jersey, 1936), and 
strain 29 (Iowa, 1937). 

All strains of virus studied serologically were well adapted to white 
mice before use in the present experiments and were of such patho- 
genicity that tlie supernatant of a 1 per cent infected lung suspension 
killed all mice inoculated intranasally in less than 5 days. Virus 
suspensions both for use in neutralization experiments and for the 
immunization of rabbits were prepared from glycerolated infected 
mouse lungs. 

Sera . — The swine sera were obtained by tail or heart bleeding 11 to 13 days after 
infection with swine passage swine or human influenza virus mixed with a small 
amount of a culture of the bacterium Ucmophilus iiijlucuzac suis (8). The swine 
furnishing the sera were tlius in early convalescence. 

The rabbit sera were obtained by marginal car vein bleeding on the lOtli and 
13th days after intraperitoneal injection with 7 cc. of a S per cent .suspension of 
mouse lung infected with either swine or human influenza virus. The 10th and 


* I am indebted to Dr. C. II. .■\ndrewes for the WS strain, Dr. Thomas Francis. 
Jr,, for the PRS strain, and Dr. C. H. Stuart-IIarris for the Oakham strain. 
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13th day bleedings from each rabbit were pooled for use in the neutralization tests. 
This method of immunization differs somewhat from that employed by Magill 
and Francis (5) in that they bled their rabbits on the 8th day, and they graded 
their immunizing dose to correspwnd roughly with the titer of the virus strain 
being used. 

All sera, both from swdne and rabbits, were filtered through Seitz pads prior to 
storage in the refrigerator until used. 

Neutralizalion Tests— 'Ibe neutralization tests were conducted in white mice 
by the technique regularly used in this laboratory (9). 

The supernatant of a 2 per cent suspension of glycerolated infected mouse lung 
was employed as virus, and this was mixed in equal parts with the undiluted sera 
to be test^. The mixtures were stored for 2 hours in the refrigerator prior to 
their administration to white mice. 3 etherized mice were inoculated, in testing 
each serum-virus mixture, by dipping their noses in the inoculum contained in a 
slightly tilted small Petri dish. The mice were observed for 10 days; all dying 
were examined at postmortem; and on the 10th day, surviving mice were autopsied 
and the degree of pulmonary' involvement was noted. 

Because of the numbers of tests involved, all virus strains could not 
be studied at one time. The general plan followed, therefore, was to 
test all of the stvine and rabbit sera against each of the strains of virus 
in turn. With the exception of strain 20, all of the swine influenza 
viruses were of roughly the same pathogenicity for mice, and the 
amount of virus administered in each test amounted to between 10 
and 100 minimal fatal doses. Strain 20 possessed a slightly lower 
pathogenicity for mice, and the dilution used in the neutralization 
tests corresponded roughly to 10 minimal fatal doses. Two of the 
human influenza xnruses, strains PR8 and WS, were of approximately 
the same pathogenicity as the majority of the swine strains, w'hile 
the Oakham strain, at the time it was used, roughly corresponded 
in liter w-ith strain 20 swine influenza \irus. No effort was made to 
titrate the number of minimal fatal doses of xdnis more closeh' than 
by decimal dilutions. In each indhudual neutralization experiment 
5 groups of control mice rccei\nng x-irus mixed with normal rabbit or 
swine scrum were included, and all of the mice in these groups suc- 
cumbed of influenza during the 10 day period of obser\'ation. 

RESULTS 

The results obtained with convalescent swine sera arc shown graphi- 
cally in Chart 1 and those with immune rabbit sera in Chart 2, In 
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the two vertical columns to the left of each chart are listed the animals 
supplying the antisera together with the strains of virus against which 
the antisera were prepared. The strain of virus used in neutralization 



Chart 1. Cross-neutralization tests in mice witli convalescent swine senim. 
n All mice in the test died of influenza. No neutralization. 

□ Mice survived but showed axtensivc lung lesions at autopsy on 10th day. 
Slight neutralization. 

□ Mice surN'ived and showed only scant lung lesions at autopsy on 10th day. 
Partial neutralization. 

□ Mice survived and showed no lung lesions at autopsy on 10th day. Com- 
plete neutralization. 

H Not tested. 

tests with the various sera is given at the top of each of the other 
vertical columns. 

As shown in Chart 1 all swine convalescent sera, regardless of the 
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Chart 2. Cro;?-neiitnvli 2 alion tests in mice with sera of immunized rabbits. 
Designation of nsults same as Chart 1. 
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strain of swine influenza virus from which the animals supplying 
the sera were convalescent, neutralized all strains of the swine in- 
fluenza virus. In like manner, the 3 human viruses tested were 
neutralized by the sera of swine recovered from infection ivith eitlier 
the WS or PR8 strains of human influenza virus. Between the 
human and the swine strains the serological relationship found to 
exist was variable; only one of the human virus antisera (swine 99) 
had any appreciable neutralizing effect on any of the swine viruses. 
In the reverse direction, however, most of the swine \nrus antisera 
partially neutralized the WS and Oakham strains. The PR8 strain 
was neutralized partially by only one of the swine virus antisera. 
These findings taken alone would indicate tliat each strain of swine 
influenza virus was serologically like all of the other swine strains 
in the present experiments. The 3 human viruses would also have 
to be considered alike on the basis of the results witli tlie human wrus 
antisera. However, consideration of the neutralization tests witli 
the human viruses and swine virus antisera makes it evident that the 
Oakham and WS strains behave quite differently from the PRS strain, 
and it would seem that these two strains are immunologically more 
closely related to swine influenza virus than is the PRS strain. The 
important feature of the data given in Chart 1, so far as they concern 
the present experiments, is that no evidence is furnished to indicate 
serological heterogeneity among the 7 strains of swine influenza virus 
under study. 

The results with virus-neutralizing rabbit sera recorded in Chart 
2 are not as clear cut and constant as were those with swine sera. 
Among the swine influenza viruses, strains 15 and BC produced potent 
antibodies in rabbits both for tliemselves and for all heterologous 
swine strains as well, but were, as a rule, neutralized only partially 
or not at all by antisera prepared against the heterologous swine 
vruses. Strain 20^ on the other hand, was readily neutralized by sera 
prepared against all of the other swine strains and the PRS human 
strain but itself produced antibodies poorly or not at all for the heter- 
ologous swune viruses. Strain 29 resembled strain 20, though here one 
of the 3 rabbits used (rabbit 53) produced fairly good neutralizing 
antibodies for heterologous strains. The 3 remaining swne strains 
resembled strains 15 and BC in that they produced antibodies in 



EICHAILD E. SHOPE 


853 


rabbits effective at least partially against all the other swine viruses 
but differed in that neutralization of the heterologous viruses was 
seldom complete as mth the strain 15 and BC antisera. There are 
exceptions to this attempted classification, obvious from consideration 
of Chart 2. This suggests that at least some of the differences noted 
may be more dependent upon variations among the individual rabbits 
used than among the strains of swine influenza virus cmder study. 

The rabbit antisera more effectively differentiated between the 
swine viruses and the WS and Oakham strains of human influenza 
virus than had the swine antisera. With the exception of PR8 anti- 
sera against strain 20, there was little cross-neutralization between 
swine and human strains. Furthermore, the rabbit antisera rather 
clearly differentiated between the PR8 and WS strains of human 
virus, something the s^vine antisera had failed to do. 

DISCUSSION 

It is difficult to reconcile the results obtained with swine convales- 
cent sera and those obtained with sera of immunized rabbits as to 
their relative significance in denoting serological homogeneity or 
heterogeneity among the strains of swine influenza virus studied. If 
the results with swine convalescent sera were the only ones available, 
it w'ould be simple to conclude that the 7 swine \nruses were serologi- 
cally alike and possessed the same general antigenic composition and 
pattern. If, on the other hand, only the results with sera of im- 
munized rabbits were to be considered, it would be necessary to 
recognize the e.xistcnce of antigenic variations among the swine in- 
fluenza \iruses. Thus, from the rabbit serum results, strains 15 
and BC, which appear antigenically alike, differ from strains 20 and 
29 in that they are not neutralized by antisera prepared against 
strains 20 and 29. Antisera prepared against 15 and BC do, however, 
neutralize strains 20 and 29. The remaining 3 strains lie intermediate 
between these two groups, though resembling strains 15 and BC 
most closely in their serological beharior. The classification which 
rabbit antisera seem to have made among the strains of swine influenza 
rims studied corresponds, in a way, with that into which Smith and 
Andrewes (7) grouped their human rimscs. Strains 20 and 29 could 
be designated, according to this arrangement, as “specific” strains in 
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that they produce antibodies that are largely effective against only 
the homologous strains. Strains 15 and BC would correspond to 
Smith and Andrewes’ ‘‘non-specific” or “master” strains, viruses 
which produce antibodies effective against the whole group of swine 
influenza viruses. The remaining viruses, strains 23, 24, and 28, 
would be classified as “intermediate” strains, though resembling 
the “non-specific” strains more closely than the “specific.” There 
are, however, several individual exceptions to this ratlier general 
classification. For instance, rabbit 53, immunized Awtli strain 29, 
developed antibodies that neutralized heterologous swine strains almost 
as broadly as sera prepared against 15 or BC. This serum also 
neutralized tire WS strain human influenza virus completely, the 
only one of the anti-swine virus rabbit sera to be completely effective 
against any of the hxunan viruses. In like manner, the antisera of 
rabbits 79 and 55 prepared respectively against strains 24 and 20 were 
unusual, when compared with antisera of other rabbits immunized 
with the same viruses, in their capacity to neutralize heterologous 
strains of swine influenza virus. 

It is not believed that the various differences among the swine 
viruses, detectible by antisera prepared in rabbits, are due to differ- 
ences in antibody titers of individual rabbit sera used, because fre- 
quently the differences are in the wrong direction to be accounted for 
in this way. Rather it would seem that rabbit antisera actually 
detect strain differences that are not reflected in convalescent sera of 
tlie natural host animal. Such differences arc probably of no practical 
importance so far as the natural disease, s\vine influenza, is concerned 
and have an academic interest onl}' in tliat they indicate a variation 
in the antibody response to the virus of a susceptible and a non- 
susceptible host. 

Since, in the natural host of swine influenza, all strains of the virus 
give rise to an antibody response indicative of antigenic homogeneity, 
the question is raised as to whether the swine serum or the rabbit 
serum results should be more seriously considered in arriving at a 
decision as to whether the swine influenza virus strains studied are 
serologically alike or different. There can be no doubt that in rabbits 
the various \nrus strains give rise to antibodies with differing virus 
affinities. However, in the rabbit, swine influenza wrus exhibits no 
evidence of pathogenicity and is probably not infective in the sense 
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in whidi that term is usually applied to indicate invasiveness and 
persistence of an infective agent in a susceptible host. In all prob- 
ability, swine influenza virus acts in a manner analogous to that of 
any other invasively inert, antigenic substance in eliciting a specific 
response in rabbits. Thus if the swine influenza virus is antigenically 
complex, as Magill and Francis’ (5) and Smith and Andrewes’ (7) 
findings indicate the human influenza virus to be, then one might 
anticipate that the first antibody response of rabbits would be to the 
dominant or most readily accessible of the swine influenza virus 
antigens. In swine, on the other hand, where im m unity follows actual 
multiplication of the virus within the host, invasion of susceptible 
cells by the virus, and finally, destruction or inactivation of virus at 
the time of recovery, one might expect an immunological host response 
to all of the various antigens comprising the virus. It seems entirely 
possible that the apparent discrepancies between the swine and rabbit 
serum findings may be accounted for by this difference in the mech- 
anism whereby the virus-neutralizing antibodies are produced in a 
non-susceptible animal, the rabbit, on the one hand, and in a sus- 
ceptible host, the swine, on the other. On such a basis, antisera 
prepared by the infection of swine with \nrus would be considered 
to reflect the entire antigenic content or composition of the virus, 
while antisera prepared by the injection of virus, infectively inert 
for rabbits, into these animals would be thought of as reflecting the 
arrangement, within the virus, of the components responsible for 
mouse pathogenicity. Such an explanation of the findings would 
orient the apparently discrepant results obtained with swine and 
rabbit antisera. The conclusion to be reached under this interpreta- 
tion would be that the various strains of swine influenza virus studied 
are similar in their antigenic composition but that they vary' among 
themselves either in the arrangement of their common antigenic com- 
ponents or in the situation, within the \-irus, of the components re- 
sponsible for their mouse pathogenicity. 

COKCLUSIOXS 

1. Cross-neutralization tests with sera from swine recovered from 
infection with swine influenza indicated the serological identity of 7 
strains of swine influenza \-irus obtained from different sources. 

2. Cross-neutralization tests with sera from rabbits, immunized 
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AMOUNT AND DURATION OF IMMUNITY 
INDUCED BY INTRADERMAL INOCULATION OF 
CULTURED VACCINE VIRUS 

By THOMAS M. RIVERS, M.D., S. M. WARD, and R. D. BAIRD, il.D. 
{From the Hospital of The Rockefeller Institute for Medical Research) 

(Received for publication, March 27, 1939) 

Jennerian prophylaxis in man by means of intradermal inoculation 
of cultured vaccine virus was described (1) in 1935. Since then this 
type of prophylaxis against smallpox has been used by us, by many 
private physicians, and by physicians in a number of clinics. For 
the last 3 years the virus employed has been from generations 50 to 
170 of the “second revived” strain of cultured vaccine virus, dried 
from the frozen state in the presence of gum acacia and sealed in vacuo 
(1,2). This strain (3) was originally derived from calf lymph vaccine 
virus supplied by the New York City Board of Health in 1931 and has 
been propagated since then by serial transfers in a medium consisting 
of Tyrode’s solution and minced chick embryo tissue. Intradermal 
inoculation of the virus in rabbits reveals that it maintains a uniform 
potencj' during continued cultivation. Moreover, the lesions pro- 
duced in rabbits are less severe than are those caused b)' other strains 
of vaccine virus. 

When inoculated intradermally in susceptible persons, cultured 
vaccine \nrus produces a high percentage of positive reactions. The 
percentages reported those to whom the virus has been dispensed 
have ranged from SO to 100; it is probable that an average of over 90 
per cent has been obtained in a minimum of 6000 to 7000 intradermal 
vaccinations. In our c.xpcricncc wth more than 200 primarj’ vaccina- 
tions the incidence of “takes” has been 100 per cent. Tj-pical positive 
reactions appear as small red papules on the 4lh to 9th day after 
inoculation. Er>'thcma and induration increase until the lesions arc 
2 to •} cm. in diameter at their height 4 to 6 days later. EraThema 
disappears rapidly although induration may persist 4 or 6 wcel:s. If 



the inoculation is made properly, no vesicle forms to leave a scar. 
Those who have observ’^ed or experienced reactions produced in this 
way have been pleased by the lack of accompanying constitutional 
symptoms and the absence of open sores. 

Knowledge of the amount and duration of immunity to smallpox 
induced by the intradermal injection of cultured vaccine \drus is of 
cardinal importance. However, no opportunity of observing the 
incidence of smallpox in a group of individuals vaccinated in this 
manner has arisen. Nevertheless, from experience it is known that 
the efl&cacy of any type of vaccination against smallpox can be tested 
by revaccination with a potent calf lymph vaccine virus. In spite 
of this fact, reports of the effect of primar}’^ vaccination with cultured 
vaccine virus on subsequent revacdnation vdth calf lymph virus have 
been few. In 1935 (1) we described the results obtained in tlie revac- 
cination of 7 persons who had been successfully vaccinated vdth 
cultured virus 13 days to 7 months previously. Of these, 6 were im- 
mune to New York City calf lymph virus, while 1, after an interval 
of 7 months, responded with an accelerated take. In 1937 (4) we 
conducted revaccinations on a small group of children who had been 
vaccinated with cultured vaccine virus 1 month to 2j years previously. 
In 6 of 14 such children the response to calf lymph virus was that of 
an accelerated take, i.e., vesicles formed and the reactions were not 
at their maximum until the 5th or 6th day. 

During the last year and a half we have studied a large group of 
children in order to obtain more complete information concerning 
the amount and duration of immunity produced by cultured vaccine 
virus against the New York City calf lymph strain of virus. The 
results of the study uill be reported at this time. In addition, in- 
formation regarding the immunity produced by cultured virus against 
other strains of calf lymph vaccine virus, as well as a consideration 
of the effect that differences in the manner of performing primary 
inoculations with cultured \irus have on subsequent immunity, will 
be presented. 

Methods 

At the Rockefeller Hospital there is little opportunity of performing primary 
vaccinations, in consequence of which it has not been possible in this clinic for us 
to observe the response of a large number of children to revacdnation. However, 
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at the Children’s Prophylactic Clinic of the Nevr York Hospital, cultured vaccine 
virus supplied by us has been administered intradermally for several years. The 
facilities and records of this clinic were made available to us through the courtesy 
of Dr. Samuel Levine and Dr. Parker Dooley. 

Children were selected in whom a positive primary vaccination with cultured 
virus had been observed and recorded and in whom no further prophylaxis against 
smallpox had been carried out. Each child was revaccinated with New York 
City Board of Health calf lymph vaccine virus appbed to a linear scratch i4 inch 
in length. In addition various groups received on the opposite limb commercial 
calf lymph virus A or B applied to a linear scratch. All virus used was received 
fresh each week from the place of preparation and was stored at 0°C. before use. 
A single observation on the 5th day after revacdnation has, as a rule, been all 
that could be made; the few that could not be seen on the 5th day were seen 
between the 4th to 7th days. 

The time at which a reaction to vaccine virus is at its maximum and not the 
size of the lesion is considered to be the correct index of susceptibility (5). Reac- 
tions are usually classified as no reaction, immune reaction, accelerated take, 
primary take. Due to the impossibility of making frequent observations on the 
revaccinated children only two types of reaction are recorded, namely, immune 
reactions and accelerated takes. Immune reactions are those which showed on the 
5th day oiJy a small papule or some evidence that a nuld response to inoculation 
had been present. The children who showed at this time no e\ndence that the 
virus had been effectively introduced into the skin were excluded from considera- 
tion. Thus, a few rapid immune reactions may have been missed, but the number 
was not great enough to affect significantly the results of the study. Accelerated 
reactions comprise those which on the 5th day showed the presence of a vesicle 
surrounded by a zone of er>’thema. The use of vesicle formation as one of the 
criteria for classification has insured the inclusion in the group of accelerated takes of 
even the mildest of this kind of reaction, viz., one which heals without the forma- 
tion of an enduring scar. It is possible that some of the reactions may have been 
in an early stage when the results were recorded and that the time at which the 
maximum sizes were reached approached closely the time at which primary takes 
would have been at their height. However, from observation of some children 
later than the Sth day after inoculation and from the size of resultant scars which 
we have seen, we believe that most of the accelerated reactions were correctly 
classified, 

Rcsulls of Ra'accinalior. vvilh New York City Calf Lymph Vaccine 

Virus of Children Who Bad Received One Successful Iniradermal 
Inoculation of Cultured Vaccine Virus 

331 children who had received one inoculation of cultured virus 
resulting in a primary take 1 month to 3 years and 9 months previouslv 
were rcvaccinated with New York City calf lymph virus fTable ij. 
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It is known that infants shortly after birth (6) are somewhat 
resistant to infection -nnth vaccine virus. Furthermore, it has been 
demonstrated (6) that such infants after a successful vaccination 
rapidly lose their immunity, many being fully susceptible a year 
later. The results obtained in our group of 331 children, the majority 
of whom were first vaccinated between the ages of 6 months and 1 year, 
indicate that the differences in the age at which the primary vaccina- 
tions were performed had no influence on the proportion of children 

TABLE n 

ResuUs of Dermal Rcsaccinalion Made vnlh New York City Vaccine Virus io 
Ascertain the Duration of Immunity Produced by One Successful Intradermal 
Inoculation of Cultured Virus in Relation to the Age of Children at Time of 
Primary Vaccination 


Xumber ot 
children 


Immune reactions 

Accelerated tabes 

rcvacdnalcd 


Number 

Per cent 

Number 

j Per cent 

69 

6-9 mos. 



54 

78 

98 

9 mos.-I >T. 


* 30 

69 

70 

SS 

1-2 JTS. 


25 

41 

75 

35 

2-3 >TS. 


20 

28 

80 

53 

3-5 jTS. 


21 

42 

79 

21 

5+ >13. 

6 

29 

15 

71 

Total 




1 


331 


82 

25 

249 

75 


Distribution of intcrv'al of time between primarj' and secondarj’ ■v’acdnations 
similar for all groups. 


who retained complete immunity during the period of observation 
(Tabic II). 

Results of Rcvaccimlion zidlh Commercial Strains of Vaccine Virus of 
Children Who Had Received One Successful Intradermal 
Inoculation of Cultured Vaccine Virus 

Reports in the literature concerning the duration of immunity in 
children to vaccine \'irus arc conflicting. Moreover, in attempting 
to evaluate the results of different workers, one is confused by a lad: 
of uniformity in classification or description of the U-pe of reaction 
produced by rcvaccination and by the fact that the relative poteno,' 
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Effect of Differences in Primary Inoculation of Cultured Vaccine Virus 
on Subsequent Revaccination with New York City Board of 
Health Calf Lymph 

At this point it seemed of value to learn whether the administration 
of large doses of the mildly acting cultured virus or the production of 
2 intradermal lesions at the same time would influence the resultant 
immunity. Accordingly, a group of children at the New York Hos- 
pital Clinic were given 2 intradermal inoculations, one in each arm or 
thigh, of cultured vaccine virus. There were no xmtoward results. 
The simultaneous evolution of 2 intradermal vaccinal lesions produced 
by cultured vaccine virus apparently caused the children no more 
inconvemence than that evoked by a single reaction. From this 
group of children, 66, whose records showed that they had had 2 suc- 
cessful simultaneous pximaiy vaccinations, were revaccinated der- 
mally with New York City calf lymph 2 to 6 months later. Of the 66 
children, 18 or 27 per cent responded with immune reactions, while 
48 or 73 per cent showed accelerated takes. Comparison of these 
figures (Table IV) with those obtained in the group of 331 (Table I) 
who received only a single injection of cultured virus for primary 
vaccination shows that the introduction of a double amount of this 
virus and the production of 2 primary lesions instead of one did not 
alter the percentage of children who retained for 6 months complete 
immunity to the New York City calf Ijmph. 

F^^As stated previously, the virus which has been used during the last 
3 years was obtained from the 50th to the 170th culture generations 
of the “second re\’ived” strain. This virus was selected for human 
inoculation because it produced mild reactions and maintained a 
constant potency for man and rabbit. However, from previous ex- 
perience (2) with the original strain we had noted that the infecti\-itv 
of the \urus diminished on repeated passage in culture and that a 
change in the character of the lesions produced by it in rabbits also 
occurred during serial transfer of the \'irus in the medium used. 
It occurred to us that a gradual change might have taken place in the 
“second re%>ivcd” strain, less marked than that noted in the original 
one but still great enough to influence the amount of protection 
produced against a highly potent strain of vaccine \-irus or against 
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smallpox. Therefore, it seemed important to determine whether 
continued cultivation of the “second revived” strain had resulted in a 
loss of some of its antigenicity essential for the development of a lasting 
immunity. In order to make this determination, cultured virus from 
the 20th to the 30th generations of the “second revived” strain was 
prepared for human inoculation and tested in rabbits and in man. 

Intradermal inoculation of the virus in rabbits revealed that the 
infectivity or titer was essentially the same as that of generation 50 
to 170, but the lesions produced by the early generations were more 
edematous and more hemorrhagic and necrotic than were those 

TABLE IV 

Results Obtained by Dermal Rcvaccination with New York City Vaccine Virus of 
Children Who Had Been Primarily Vaccinated Intradcrmally in Several 
Different TFayj 7oilh Cultured Virus 


Type of primary inoculation 

Number 

of 

children 

rcvac- 

cinated 

Number 

of 

immune 

reac- 

tions 

Per cent 
of 

immune 

reac- 

tions 

Number 

of 

accel- 

erated 

takes 


Single inoculation with virus from S0-170th culture 
generation 

331 

82 

25 

249 

75 

Double inoculation with virus from 50-170th culture 
generation 

66 

18 

27 

48 

73 

Single inoculation with virus from 20-30t]i culture 
generation 

54 

33 

61 

21 

39 


produced by later generations of the active agent. Each of 7 volun- 
teers was inoculated intradcrmally with 0.1 cc. of a 1:10 dilution of 
the virus. The lesions produced by this material were larger and more 
severe than those caused by virus from later generations; however, the 
reactions were not severe enough to cause anxiety regarding the use 
of the material. Consequently, a study of immunity produced by it 
was carried out in a group of children at the New York Hospital 
Prophylactic Clinic. 54 children were inoculated intradcrmally with 
cultured \nrus from generations 20 to 30; 2 to 6 months later they were 
rcinoculatcd dcrmally with the New York City calf lymph \4rus. Of 
the 54 children, 21 or 39 per cent responded with accelerated takes, 
while 33 or 61 per cent showed immune reactions (Table IV). The 
accelerated takes were mild and healed quickly Iea\dng only small 
superficial scars. These results arc significantly different from those 
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obtained in children primarily vaccinated with virus from culture 
generations 50 to 170. 


DISCUSSION 

Vaccination against smallpox by means of dermal application of 
potent calf lymph vaccine virus is efficacious. Nevertheless, con- 
siderable inconvenience and, at times, danger are associated with this 
type of vaccination which always leaves an ugly scar. In view of these 
facts, many people in the United States have never been vaccinated. 
To overcome opposition to vaccination certain health officials min- 
imize the inconvenience and speak of the scar as a “badge of health.” 
Thus, they leave the impression that a person with a scar is protected 
against smallpox and is not in need of revaccinations at regular 
intervab. As a matter of fact, all that a scar indicates is that an 
individual has been vaccinated; it does not show that the person is 
immune to smallpox. That can be determined only by the results of 
revaccination with a potent calf lymph virus. Moreover, the longer 
a person has gone since a primary vaccination, the more likely is he to 
have lost protection and the greater is his need of revaccination. 
Some individuals lose immunity more rapidly than do others; this 
appears to be particularly true of young children and infants. There- 
fore, revaccinations should be made at regular intervals; in the pres- 
ence of smallpox epidemics revacdnations should be made regardless 
of when primary vaccinations or revacdnations were performed. 

With the idea that vacdnation against smallpox can be made a 
safer procedure, that mutilation is not an essential feature of the 
procedure, and that a scar gives the indiddual as well as the health 
officer a false sense of security, we undertook a number of years ago 
to prepare a vaedne virus that could be used in a manner less objec- 
tionable than that now employed ndth calf Ij-mph drus. From the 
results obtained by us in the use of cultured vaccine drus for Jennerian 
prophylaxis in man we have become condneed that the ideas which 
prompted the work arc entirely sound. 

Continued cultivation of vaccine drus in the medium used bv us 
has brought about a qualitative change in the active agent which 
makes it possible to introduce considerable amounts of the material 
intradcrmally without danger and inconvenience to patients. It has 
been found, however, that the amount of immunity producc-d by the 
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cultured virus, as tested by means of a Mghly potent calf lymph 
vaccine virus, would probably not be considered sufficient for complete 
protection against smallpox. On the other hand, when commercial 
vaccines widely used in the United States are employed for testing 
the immunity induced by the cultured virus, the results might be 
considered satisfactory. At present we are suggesting that primar}'- 
vaccinations be made intradermally with our cultured virus and that 
revaccinations be made dermally six months to a year later by means 
of a potent calf lymph virus. In this way vaccinated individuals will 
not become sick and will not be subjected to the dangers associated 
mth primary vaccinations ^vith calf lymph virus, but will obtain a 
solid and lasting immunity to smallpox. It is possible and highly 
probable that a cultured virus can be developed whicli will be suitable 
for intradermal use and will not require prompt dermal revaccinations 
with a potent calf lymph virus to produce an enduring immunity. 
These are matters for future investigation. 

CONCLUSIONS 

Continued cultivation of vaccine virus in a medium consisting of 
minced chick embryo tissue and Tyrode’s solution has resulted in a 
\nrus qualitatively changed to such an extent that considerable 
amounts of it can be injected intradermally into human beings without 
danger or inconvenience. 

Individuals who are vaccinated intradermally with the cultured 
virus should be revaccinated dermally six months to a year later with 
a potent calf lymph virus in order to obtain a satisfactory immunity 
to smallpox without being subjected to the dangers and inconvenience 
associated with primary vaccinations with calf lymph virus. 
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It has been known for many years that one attack of syphilis confers 
an increased resistance to a second attack. Persons in whom char- 
acteristic generalized lesions of early syphilis develop usually recover, 
even in the absence of specific treatment, and rarely again develop 
widespread lesions of the skin or mucous membranes or bones. The 
presence of a relative imm unity in man following infection with 
Treponema paUidtm has also been demonstrated by reinoculation. 
Most of the available information on immunity, in syphilis has 
been gained, however, from a study of the disease in animals. 

The work of Neisser and his associates on monkej's and the higher apes, and the 
studies of Uhlenhuth, Mulzcr, Brown, Pearce, Chesney, Kollc, Frei, and Breinl, 
to mention only a few, on rabbits, have provided a fairly clear picture of the 
degree of resistance to rcinoculation that is developed by animak infected with 
T. pallidum, the distribution of the resistant state among various tissues of the 
animal’s body, and the time relationships concerned in the evolution of this im- 
munity. In brief, these studies show that in rabbits immunitj' is acquired slowly 
and docs not reach its full development for a number of months after infection; 
that it is not sufficient completely to rid the body of the infectious agent; that it 
tends to be strain specific; and that the acquired resistance of the animal mav be 
overcome by conditions which favor the infecting organism as against the host. 
The experiments bearing on this subject were summarized by Chesney in a com- 
prehensive review published in 1927 (1), while the more recent work has been 

* The studies and observations on which this paper is based were conducted 
with the support and under llie auspices of the International Health Division of 
The Rockefeller Foundation. 

^ “StafI member of the International Health Division of The Rocliefeller 
Foundation. 
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reviewed by Harrison (2), Topley and Wilson (3), and Zinsser, Enders, and Fotlier- 
gill (4), among others. 

Included among the studies on the general subject of immunity in syphilis have 
been many designed to demonstrate the presence of antibodies specific for T. 
pallidum in the blood serum of S 3 'phiiitic human beings or animals. In general 
these efforts have met with failure, or, at best, the results have been equivocal. 
Complement-fixing antibodies and precipitins are commonly present in the serum 
of syphilitic patients, but the demonstration of tliese substances rests on tests 
which superficially at least, are biologically non-specific. A number of workers, 
including Hoffman and von Prowazek (5), Zabolotny and Maslakowitz (6), 
Touraine (7), and Blum (8), obtained results suggesting the presence in the serum 
of man or animals of either agglutinins or treponemicidal substances for virulent 
T. pallidum^ but these experiments were far from conclusive and numerous otlier 
investigators, including Landsteiner and Mucha (9), Zinsser, Hopkins, and 
McBurney (10), and Beck (11), have been unable to demonstrate such antibodies. 
A large number of experiments have also been done with strains of treponenics, 
supposedly T. pallidum, that have been cultivated on artificial media. In general, 
these studies show that, upon injection of culture treponemes, animals develop 
agglutinins and treponemicidal substances against these spirochetes, but not 
against virulent T. pallidum derived from man or animals (1). Likewise, the 
serum of S5q)hilitic persons or animals usually fails to agglutinate or kill culture 
treponemes, although Zinsser, Hopkins, and McBurney (12) noted that serum 
from sjqjhilitic rabbits agglutinated these organisms in higher dilution than did 
the serum from normal rabbits. Moreover, serum from patients with tertiary 
syphilis showed greater agglutinating power than serum from normal persons. 
In recent years, however, considerable doubt has been thrown on the identity of 
culture treponemes and T. pallidum, and tlic failure of syphilitic scrum to act upon 
culture treponemes may not be of great significance. 

The studies of two groups of investigators, however, arc worthy of special note, 
since they are not in accord with the majority of studies on the subject of humoral 
immunity in syphilis. In 1921 Eberson (13) recorded experiments in which 
scrum from persons with late sjphilis and from rabbits with syphilitic infection of 
6 months’ duration or longer, when combined with virulent T. pallidum and incu- 
bated for 2 hours at 36'’C., completel}' protected rabbits against infection when 
the mixture was inoculated intratcsticularly. Serum from normal persons and 
persons with early syphilis, and serum from normal rabbits and rabbits infected 
for less than 6 months c.\*crtcd no such protective action, for rabbits inoculated 
with the incubated mixtures developed characteristic evidence of syphilitic infec- 
tion. Unfortunatelj’, this author failed to give certain important details of these 
experiments, but apparently no exceptions were noted to the general results as 
stated. Moreover, no other investigator has succeeded in obtaining such com- 
plete protection of normal rabbits with serum from persons with late syphilis 
and with serum from rabbits infected for 6 months or longer. 

More recently, Tani and his coworkers have published a series of papers on the 
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question of humoral inununity in syphilis. Tani, Saito, and Funada (14) tested 
the serum of two rabbits with syphilitic infection of long duration (231 and 295 
days, respectively) by combining the serum with emulsions of virulent T. -pallidum 
in serial dilutions, incubating the mixture for varying periods of time, and inocu- 
lating these mixtures intracutaneously in normal rabbits. As controls, serum 
from normal rabbits, plus spirochete emulsion treated in the same maimer, were 
inoculated intracutaneously in the same rabbits as was the serum from the syphili- 
tic animal. Evidence of the protective action of the syphilitic serum was mani- 
fested by a longer incubation period and smaller size of the lesions developing at 
the site of inoculation of syphilitic serum-spirochete emulsion, compared with 
those of the controk. In a subsequent paper Tani and Ogiuti (15) reported the 
results of similar tests made on serum from 6 rabbits infected from 18 to 79 da5's, 
and the serum of 7 patients with secondary syphilk and 3 with general paresk. 
On the whole the serum from the 53^11111110 persons and animak showed slightly 
greater protective power than did normal serum, but the differences were not 
marked. The technique used in these experiments was rather complicated and 
the results are not altogether clear cut. 

Of considerabl}’ greater interest, however, are the parabiosis experiments per- 
formed by Tani and Aikawa (16). These investigators parabiosed 42 pairs of 
rabbits in which one of the pair had been infected with s>’philk from 99 to 459 
days, and the other from 9 to 94 days. None of the former had active syphilitic 
lesions and all were probably immune; all of the latter had active syphilitic lesions 
at the time of the parabiosis operation. B>' tests with trypan blue, and nco- 
arsphenamine, and by other methods it was shown that exchange of body fluids 
began about the 4th day and free circulation between the parabiosed animak was 
usually established by the 10th day. Among 35 pairs Euivi\’ing for 9 days or 
longer, all but 7 showed definite healing of the active lesions, as manifested by 
decrease in induration and, frequently, the disappearance of spirochetes from the 
Ifsions. Of 14 control pairs in which an animal with active lesions was Joined to a 
normal rabbit and observed for 9 days or longer, evidence of healing was manifest 
in only 2. The results of these exjjcriments seem to be quite definite and, if con- 
firmed, to prove the existence of humoral antibodies in syphilitic rabbits. Jlore- 
over, these antibodies appear to play an important r61e in the defense mechanism 
of the host. 

This paper will present the results of experiments designed to 
show the e.xistence of protective antibodies in the serum of rabbits 
resistant to reinfection, and to describe a technique by which this 
protective action of the serum may be demonstrated. 

Experimental Method 

In developing a tedmique to show the protective power, if any, of 
syphilitic scrum, consideration was given to the idea that, at best, 
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the antibody titer of serum from rabbits immune to syphilis was 
probably low, and that any test designed to show the presence of these 
antibodies must be sufficiently finely adjusted to bring out the small 
differences that probably exist between the serum of normal and 
syphilitic animals or human beings. To this end many preliminary 
experiments were made, and the teclinique of the test outlined here 
represents the one which is in use at the present time, although man)’’ 
of the experiments recorded were not performed exactly witli this 
present technique. 

In brief, 9 parts of -whole serum are combined with 1 part of spirochete emul- 
sion, the mixture is incubated at 37°C. for 6 hours, and then is inoculated intra- 
cutaneously on the backs of normal rabbits. The rabbits are observed at daily- 
intervals and the incubation period and size of the resulting syphilitic lesions are 
noted. The details of the test and the experimental method emplo3’^ed in these 
studies are given in full below. 

Scrum Tested. — ^The serum tested was obtained from rabbits which had been 
infected with the Nichols strain of T. pallidum at least six montlis prior to bleeding. 
No antisyphilitic treatment had been given. From the experiments of others, to 
which reference has already been made, it could be assumed that the rabbits would, 
upon reinoculation, prove to have at least a chancre immunity and probablj’’ to be 
entirely resistant to reinfection. The presence of chancre immunity was actually 
proved in a number of these animals by reinoculation of an homologous strain of 
T. pallidum. As controls, serum from 2 or 3 normal rabbits, bled at the same time 
as the test animals, was pooled and subjected to the same procedures as scrum 
from the test animals. The whole blood w'as placed in the ice box overnight and 
the serum pipetted off the following day. It w'as then tested on that daj'-, or else 
frozen in solid carbon dioxide and 95 per cent alcohol at — 78°C. until ready to be 
used. The serum w'as not heated above 37‘’C. before testing. 

Spirochete Emulsion. — Normal rabbits were inoculated in both testes with the 
Nichols strain of T. pallidum, \\fficn the resulting orchitis was fully developed 
the testes were excised, weighed, ground in a mortar to which a small amount of 
sand had been added, and diluted with ordinary culture broth in an amount in 
cubic centimeters corresponding to the weight of the organs in grams. The sus- 
pension was centrifuged in order to throw dowm the large tissue particles. The 
supernatant fluid, which was ordinarily rich in motile T. pallidum, was termed a 
50 per cent emulsion. The strength of such emulsions as judged bj' number of 
spirochetes or its infectivity for rabbits, varies, of course, with each batch, and 
designation in terms of percentages is meant to carry only an approximate esti- 
mate as to its varulencc. 

Occasionally this emulsion was used in the protection test on the day it was 
prepared, but the usual procedure follo-ivcd was to distribute the emulsion in I or 
2 cc. \nals, tightly stopper the xnals, and freeze them in solid carbon dioxide and 
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alcohol at a temperature of -78°C., until needed. As reported in a previous 
paper, the virulence of T. ■pallidum can thus be preserved essentially unchanged 
for periods of months or even years (17). Graduated dilutions of this emulsion 
V7ere then combined vrith normal rabbit serum in the same proportion as that used 
in the test and titrated by inoculating the mixture intracutaneously in normal 
rabbits. It was thereby possible to determine approximately the least amount of 
spirochete emukion which would fairly regularly produce a lesion at the point of 
inoculation within a period of 4 weeks. This may be termed the "minimal 
chancre dose,” and ordinarily varies from a final dilution of 1 to 5 per cent when 
0.1 cc. is the amount inoculated, and the period of incubation is 6 hours at 37°C. 

Proportion of Spirochete Emulsion to Serum . — ^Different propiortions of spiro- 
chete emukion to serum have been used in the experiments rejxirted here. As the 
test is now being performed a proportion of 1 part of spirochete emukion to 9 
parts of serum is used, but proportions of 1 to 3 and 1 to 4 have also been employed. 
It is probable that an excess of serum is being used; thk point requires further 
investigation. 

Incubation of Mixture. — The serum-spirochete emukion is thoroughly mixed 
and placed in the incubator at 37°C. for 6 hours. Care should be taken to see that 
the temperature of the incubator does not rise above this point. As will be noted 
below, in some e.xperiments shorter periods of incubation were used. At the 
expiration of the period of incubation the serum-spirochete emukions are again 
mixed and cultures made on blood agar plates in order to rule out the presence of 
contaminating bacteria. The mixtures arc now ready for inoculation. 

Inoculation of Mixtures. — ^In the preliminary experiments normal rabbits 
belonging to the ordinary laboratory stock were used. In the latter experiments 
all test rabbits were male animak of the Dutch Belt varietj’, all were obtained 
from one dealer supp^-ing a highly inbred stock, and all animak were young adults 
of approximately the same age. The backs of the animak were prepared for 
inoculation by closely clipping the hair with electrically operated clippers. 

Inoculations arc made with tuberculin sjTinges and 27 gauge needles. The 
back of each rabbit is divided into 4 areas, and inoculations are made intracu- 
tancously in 6 sites of each area, 0.1 cc. of the mixture being injected at each site. 
4 animak are customarily inoculated with each mixture. If s>T3hilitic lesions 
dex-clop at each site of an area, a characteristic pattern is noted. This pattern 
assumes impxjrtance when the lesions begin to develop, for it aids materially in 
distinguishing between sj-philitic lesions and non-spiecific lesions which are not in- 
frequently encountered. The pattern of beginning syphilitic lesions k unmktak- 
ablc, however, and greatly facilitates accurately establkhing the incubation period 
of the lesions. A diagram of the rabbit’s bad: showing the areas and sites of 
inoculation is presented in Text-fig. 1. 

Reading the Test . — All animals were commonly e.xamined dailj- 
during the period of observation. Frequently on the day following 
inoculation a slight non-spedfic reaction, characterized by erv-thema 
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ma ximum development. In the experiments still in progress, a 
uniform practice has been adopted of observing the animals 7 days 
after the first pattern of syphilitic lesions is noted. The sixe of the 
lesions recorded in the following experiments represents the readings 
made on the last day of observation or on the day of maximum de- 
velopment of the lesions, in case they had begun to subside before 
the animal was discarded. 

Factors Afecling the Test. — ^Among the most important variables 
affecting the test was the virulence of the spirochete emulsion. In 
the latter experiments, however, this factor was controlled by using 
material which had been previously tested and preserved by freezing. 
Another important variable was the temperature of the room in which 
the inoculated rabbits were maintained. In general, the higher the 
temperature the longer the incubation period. This effect of tem- 
perature is well known, and is a factor which must always be reckoned 
with in studies on experimental sj'philis. It is possible that protection 
tests, such as described here, cannot be successfully performed at 
temperatures usually encountered during the summer months. 

Another variable factor is the susceptibility of individual rabbits 
to syphilis. The vast majority of animals, particularly from so 
uniform a stock as now in use here, react in much the same manner 
to the same inoculation. In every large series, however, there v;ill 
be an occasional animal that seems to be unusually susceptible, as 
indicated by a much shorter incubation period of the sj'philitic lesions 
and by the larger size of the lesions. Likewise, an occasional rabbit 
is encountered that seems to be unusually resistant to sv^ihilitic in- 
fection, as manifested by a delayed appearance and slow development 
of the lesions. Rarely an animal wall not develop any lesions at all 
following inoculation of the same mixtures that give rise to char- 
acteristic sv'philitic lesions in a large number of other rabbits. It is 
for this reason that normal sera used as controls in these experiments 
were commonly obtained from two or more rabbits. 

EXPERIMENTAL RESULTS 

Preliminary Expcriincnls.'— As a starting point for the investigation 
of this problem a number of rabbits that had been infected with 

* Some of the preliminary cxpcrimcati Trcrc performed in the labomtorv- of tie 
S.'Thils! Diwsion of the Johns Hopkins Medical School, which is under the dircc- 
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T. pallidum for from 6 months to 1 year were selected. All had had 
extensive syphilitic lesions, which at the time of tliese experiments 
were apparently inactive. No antis 3 ^philitic treatment had been 
given. The animals were reinoculated intracutaneously with a 
homologous strain of treponeme and were shown to be refractory to 
reinoculation. Serum from these animals was tested numerous times 
along with serum from normal rabbits. During tliese preliminar}^ 
experiments one or another of the various procedures in tlie test was 
varied in an effort to find the combination that seemed to yield the 
best results. Tests were made with var 5 dng dilutions of spirocliete 
emulsion, with different amounts of serum, and using var 3 dng periods 
of incubation. In none of these experiments was the serum heated 
above 37°C. Several otlier experiments were made to test the effect 
of heating the serum to 56°C. in order to inactivate the complement 
but these will be referred to later. 

The results of these preliminary experiments will not be given in 
as much detail as will those of the subsequent experiments, but a 
summar 3 '- of the results is shown in Table I. Each separate test 
with serum from immune rabbits was controlled b 3 '’ inoculating 
mixtures of normal serum which had been subjected to exactly the 
same procedures. 

The results vdth immune serum-spirochete mixtures obtained on 
intracutaneous inoculation of the test rabbits have been designated 
“definite protection,” “questionable protection,” or “no protection,” 
in relationship to tlic results obtained in the same animals with simul- 
taneous inoculation of normal serum-spirochete mixtures. A clearer 
idea of how these designations were made can be obtained b 3 ' referring 
to the more detailed accounts of the experiments presented below. 

Without regard to the details of the tests, it is noted that of 56 
areas inoculated with immune serum-spirochete mixtures 42 showed 
evidence of definite protective action on the part of the immune scrum, 
as compared with the areas inoculated with normal scrum-spirochete 
mixtures. In 10 areas questionable evidence of protection was noted, 
and in onl 3 ' 4 areas was there no evidence of protection. 

tion of Dr. Alan M. Chesney. During this period the author was assisted by Dr. 
Abraham Gelpcrin. Some of the immune animals used in these c.xperimcnts were 
kindly supplied by Dr. Chesney. 



THOMAS B. TURNER 


875 


Of the animal s tested, the original inoculation had been intratesticu- 
lar in rabbits 46-75 and 46-87, and intracutaneous in rabbits 47-70, 
47-72, and 47-73. It is of interest that, in each of three series of 

TABLE I 


Results of Protection Tests Made with Serum from Rabbits Immune to Syphilis 
Preliminary Experiments 


Source of 
“immune” scrum 
tested 




Results of test in inoculated rabbits 






Number shoTring 

Rabbit 

Ko. 

Dura- 
tion of 
infection 

Dilution 
of spiro- 
chete 
emiilsion 

Propor- 
tion of 
spiro- 
chete 
emulsion 
to scrum 

Incubation of imiturc 
Temperature and time 

Number 

inocu- 

lated 

Definite 

protec- 

tion 

Ques- 

tionable 

protec- 

tion 

No 

protec- 

tion 


m 

ftr cent 

10 

m 

37°C. 

30 min. 

2 

2 

0 

0 


^^9 

1 

II 

II 

II II 

2 

2 

0 

0 

IC 

12 

0.1 

II 

II 

II II 

2 

2 

0 

0 

K 

12 

20 

II 

II 

Cl II 

_ 3 

3 

0 

0 

tt 

18 

SO 

II 

t, 

3 hrs. 

4 

3 

1 

0 

45.S7 

16 

it 

II 

II 

IC II 

4 

3 

0 

1 


11 

it 

II 

II 

IC II 

4 

3 

1 

0 

47-72 

11 

it 

1* 


11 Cl 

3 

0 

2 

1 

47-73 

11 

II 

II 

11 

Cl Cl 

3 

3 

0 

0 

46-75 

18 

1 

II 

II 

II II 

3 

2 

1 

0 

46-87 

16 

It 

II 

II 

11 IC 

3 

3 

0 

0 


11 

<1 

It 

II 

II II 

4 

4 

0 

0 

47-72 

11 

It 


Cl 

IC cl 

3 

1 

0 

2 

47-73 

11 

II 

B 

cl 

IC CC 

2 

1 

1 

0 

46-75 

19 

10 


Cl 

II 11 

3 

3 

0 

0 

46-87 

17 

II 

“ 

CC 

Cl II 

3 

3 

0 

0 


12 

II 

BB 

Cl 

II IC 

i 3 

2 

1 

0 

47-72 

12 

II 

H 

Cl 

CC IC 

i 3 

1 

0 

0 

47-73 

12 



Cl 

1 

Cl II 

; 2 

1 

1 

0 


tests, scrum from rabbit 47-72 tended to c.xhibit less protective power 
than scrum from the other animals. 

ith reference to the details of the technique of the test, the most 
definite finding drawn from tlic preliminarj- e.\-periments was tliat the 
'^^ulcncc of the spirochete emulsion was probably the most important 
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feature. Emulsions which were too virulent tended to obliterate 
differences in the incubation period, while if the spirochete emulsion 
was of relatively low infectivity even the normal serum-spirochete 
emulsions failed to produce lesions at the site of inoculation. Because 
of these findings a spirochete emulsion which had been previously 
tested for virulence and preserved by freezing was employed in sub- 
sequent experiments. 

Effect of Inactivating Complement . — During the course of the pre- 
liminary experiments samples of sera from the same animals were 
tested after having been heated for 30 minutes at 56°C. in order to 
inactivate the complement. Altogether, 11 sera from 5 immune 
rabbits were tested by the same technique as used in the foregoing 
experiments. All animals had been infected by intratesticular inocula- 
tion from 7 to 12 months prior to bleeding. Of a total of 42 areas 
injected with immune serum-spirochete mixtures, 13 showed definite 
evidence of the protective action of the serum as compared with 
the areas in which normal serum had been injected, 12 showed ques- 
tionable evidence of protection, and in 17 there was no e\udence of 
protection. These results are distinctly poorer than when sera from 
the same animals were tested without heating above 37®C., and they 
suggest that the presence of active complement is favorable to the 
demonstration of the protective action of immune serum. To what 
extent active complement was present in the testicular emulsion is 
not known, but it is possible that enough was available to satisfy 
the requirements of the test. This point needs further study. 

Expermenl 1 , — The four sera used in this e-xperiment were obtained from 2 
immune animals, 46-75 and 46-87, and 2 normal rabbits, normal A and normal B. 
One part of a 25 per cent testicular emulsion containing numerous treponemcs was 
added to 4 parts of serum and the mi-xture incubated for 6 hours at 37‘’C. At tlic 
end of 6 hours 0.1 cc. of each mixture was inoculated intracutaneously in 6 sites 
of one area on each of 6 normal rabbits. The incubation period and the approxi- 
mate size of the resulting lesions in these inoculated animals arc shown in Table II. 

In general the incubation period of the syphilitic lesions which 
developed in the test rabbits tvas about the same for the 2 “normal” 
areas in the same animal, but in different animals the incubation 
period in these areas ranged from 12 to 24 days. It is evident that 
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rabbits, even from the same stock and of approximately the same age 
vary considerably in their reaction to the same inoculum. In the 


TABLE n 

Resulis of Proledion Tests with Serum from Normal and Syphilitic Rabbits 

Experiment 1 


Test rabbit Ko. 

Source of scrum 
Rabbit No. 

Incubation 

period 

Size of lesions* 

Duration of 
observation 

Interpretation 
ot test 

Degree of pro- 
tection 



days 


days 


1-79 

Normal A 

12 

19 

51 

Control 


Normal B 

12 

18 

(( 

ft 


46-75 

Neg. 

0 

tt 

Definite 


46-87 

26t 

3 

« 

(t 

1-80 

Normal A 

24 

17 

it 

Control 


Normal B 

24 

19 

ll 

44 


46-75 

33 

8 

l{ 

Definite 


46-87 

Neg. 

0 

it 

44 

1-81 

Normal A 

19 

24 

41 

Control 


Normal B 

21 

24 

Cl 

44 


46-75 

; 24t 

2 

' <1 

Definite 

1 

46-87 

Neg. 

0 

« 

tt 

1-82 

Normal A ! 

18 

18 

C( 

Control 


Normal B 

18 

18 1 

41 

44 


46-75 

28t 

3 

44 

Definite 


46-87 

24 

6 

44 

44 

1-83 

Normal A 

23 

24 

51 

Control 


Normal B 

22 

24 

44 

44 


46-75 

Neg. 

0 

41 

Definite 


46-87 

(1 

0 

41 

44 

1-84 

Normal A 

24 

9 

50 

Control 


Normal B 

24 

8 

tt 

44 


46-75 

33 

4 


Definite 


46-87 

Neg. 

1 0 

41 

It 


* See page 872. 

t Pattern of lesions not complete. 

12 areas inoculated with immune serum-spirochete mLrturcs cither 
no lesions at all developed during the period of observation or, when 
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lesions did develop, the incubation period was significantly longer 
than for those in the normal areas. Likewise, the size of such lesions 
was uniformly smaller than the size of the lesions in the normal areas. 
In 3 areas inoculated with immune serum mixtures, even though lesions 
did develop, they did not appear at each inoculated site and the 
typical pattern was not observed. Photographs of the inoculated 
areas in rabbits 1-79 and 1-83 are shown in Fig. 1. 

It seems evident, therefore, that the serum of these two untreated 
immune syphilitic rabbits (46-75 and 46-87) possessed some power to 
inhibit the development of syphilitic lesions in previously uninfected 
rabbits, when compared under identical experimental conditions udth 
serum from normal rabbits. 

Experiment 2 . — In this experiment sera from 10 immune s3T5hilitic rabbits were 
tested for protective power in comparison with two lots of pooled serum from 
normal rabbits. The duration of infection in the immune rabbits at the time of 
bleeding is shown in Table IV. Rabbits 47-70, 47-72, and 47-73 had been infected 
by intracutaneous inoculation and all the others by intratesticular inoculation. 
No antisyphilitic treatment had been given. Rabbits 46-75, 46-87, 47-70, 47-72, 
47-73, and 8-9 were shown to be resistant upon reinoculation of virulent T. pal- 
lidum. Rabbits 1-3, 1-4, 1-11, and 1-12 were not tested by reinoculation, but it is 
assumed that they would have shown a chancre immunity. Both normal A and 
normal B serum consisted of pooled serum from 3 normal rabbits. All animals 
were bled the day before the test was made, the serum meanwhile being kept in 
the refrigerator. The inoculum consisted of 1 part of a 25 per cent testicular 
emulsion, containing numerous T. pallidum, to 4 parts of serum. The spirochete 
emulsion had been frozen prior to inoculation. The serum-spirochete mi.xturcs 
were incubated at 37'’C. for 6 hours. Following incubation, 0.1 cc. of each mixture 
was inoculated intracutaneously in 6 sites of one area in each of 5 normal rabbits. 

The results of these inoculations are shown in Table III. Of tlie 
animals inoculated, one (2-19) died prematurely and was omitted 
from the protocol; another (2-07) failed to develop lesions at the site 
of the control inoculations and has been classified as unsatisfactor>'; 
and in rabbit 2-17 two inoculated areas, obscured by pigmentation 
and irregular thickening of the skin, were classified as unsatisfactory. 
Altogether there were 90 satisfactory inoculated areas in 23 animals. 
Of these areas, 45 were inoculated with one of the normal serum- 
spirochete mixtures and an equal number with one or another of the 
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immune serum-spirochete mixtures. Considering all the immune 
areas as a group, 37 areas inoculated with immune serum mixtures 
showed definite evidence of the protective power of the immune 
serum as compared with the normal serum; in 5 areas the evidence 
of protection was only questionable; and in 3 areas no protective power 
was manifest. 

Again, it is noted that the incubation period of the syphilitic lesions 
developing in the normal areas was about the same, in most animals, 
for the two normal serum mixtures, although in one animal (2-02) 
there was a difference of 5 days. In those animals in which lesions 
developed at the site of inoculation of immune serum mixtures the 
incubation period of these lesions was usually significantly longer 
than in the control areas. As a rule the relative size of the lesions in 
the different areas showed a direct correlation with the incubation 
period, the shorter the incubation period, the larger the lesions. 
Exceptions to this rule are noted, however. Drawings made from 
representative test animals (2-05, 2-11, 2-16, and 2-21) are shown in 
Text-fig. 2, and a photograph of the lesions in rabbit 2-21 is shown 
in Fig. 1. 

In the interpretation of the results of these tests, both the incubation 
period and the size of the lesions are considered. Doubtless, in the 
case of some areas, all observers might not make the same interpreta- 
tion of the results in the test animal, but there can be no question 
that, on the whole,the immune serum exerted an inhibitor}’- effect on 
the development of sjqjhilitic lesions in those areas w’hen compared 
with the results in the areas injected with normal serum mixtures. 
Even in those areas designated as showing questionable protection, 
either the incubation period of the lesions was slightly longer than that 
of the controls or else the lesions did not reach the size of the control 
lesions. 

In Table IV is given a summary of the results obtained with the 
serum from each immune rabbit. Serum from rabbits 47-72 and 47-73 
tended to show somewhat less protective power than did serum from 
the other animals; it may be significant that these animals were 
onginally inoculated intracutaneously. It should be noted, also, 
that rabbit 1-11, at the time of bleeding had an active sj-philitic testicu- 
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table m — Concluded, 
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r&bbit 

No. 
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antisyphilitic treatment had been given. After bleeding, both animals were 
reinoculated intracutaneously with a homologous strain of T. pallidum and both 


DatfS AfTcr 
Iviocula'ftom 

1 piftocolaTed Areas 

j. NdmaJ A 

If. Nortnal B 

m. H 6-7 S' 

JV. tfbrST 

/S' 

Negative 

jf7e<yat‘ivc. 

JfetfcCfwe 

Neqa.'tive. 

11 

e » o 

o • e 

e o o 

0 0 6 

Jfey aSiue. 

NetjO-fivt 


• O 

O e> • 

0 ® e 

Ne^otivL 

Negative 

18 



Ncci&tlve 

JJeqoitvt 

33 

® ® @ 

& ® 0 


Nttfa-Hue. 

Ne^ahVe. 


Text-Fig. 2 c 



1 Tnoculafed Areas 

I. Normal A 

n . Normal B 

111. 47-73 

JV 13 

IS 

Neqa-lice 

Ne^aTive 

Neqa-five 

UeqCLilut. 


o — © 

•60 

© © © 

Ut^ojfivt 


ar 

Bn 

© ® ® 

© o © 

Neja'/iVf 

Neja+i'i/e 

a<7 

o © 0 

O © 0 

BSBSv^ 

HBBSBsidi 

O O o 


3H 

mgm 

OB® 

O O 0 

o — — 

fk^atiue. 

H! 


O ffi # 

•o © © 

Jftqoiivt. 

NeyahVe 


Text-Fig. 2h 

Text-Fig. 2. Schematic drawing of lesions in inoculated areas in 4 rabbits 
belonging in Experiment 2. The square area of each lesion is reproduced in the 
drawing. The crossed lines represent degrees of elevation or induration of tlie 
lesion. The sera in the serum-spirochete mixtures inoculated into the different 
areas were as follows: 

(c) Rabbit 2-05. I, normal A (3 pooled). II, normal B (3 pooled). Ill, 
rabbit 46-75, immune. IV, rabbit 46-87, immune. 

(5) Rabbit 2-11. I, normal A (3 pooled). II, normal B (3 pooled). Ill 
rabbit 47-73, immune. IV, rabbit 1-3, immune. 
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remained negative for a period of 60 da}rs. Controls similarly inoculated de- 
veloped t)fpical syphilitic lesions within 30 days. 
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Text-Fig. 2d 

W Rabbit 2-16. I, normal A (3 pooled). II, normal B (3 pooled). Ill, 
^ hit 1 - 4 ^ immune. IV, rabbit 8-9, immune. 

W Rabbit 2-21. I, normal A (3 pooled). II, normal B (3 pooled). Ill, 
^ '11-11, immune. IV, rabbit 1-12, immune. 

_ nilc in the 4 rabbits represented here, the two normal scrum-spirochete 
i'"iturcs were inoculated in areas I and II, respectively, in other rabbits of this 
^^rment these mixtures were inoculated in different areas. 





















































Summary of Results of Protection Tests Performed in Experiment 2 with Scrum from 

Immune Syphilitic Rabbits 


Source of "immune” serum tested 

Results of test in inoculated rabbits 

Rabbit No. 

Site of oripinal 
inoculation 

Duration of 
infection 

Number 

inoculated 

Number showing 

Definite 

protection 

Questionable 

protection 

No 

protection 








46-75 

Testis 

24 

5 

' 5 

0 

0 

46-87 

tt 

22 

5 

5 

0 

0 

47-70 

Skin 

17 

4 

3 

1 

0 

47-72 

(( 

17 

4 

2 

1 

1 

47-73 

tt 

17 

5 

3 

0 

2 

1-3 

Testis 

10 

5 

4 

1 

0 

1-4 

(( 

10 

4 

4 

0 

0 

8-9 

CC 

10 

3 

3 

0 

0 

1-11 

<( 

6* 

5 

3 

2 

0 

1-12 

Cl 

6 

5 

5 

0 

0 


* Active testicular lesions at time of bleeding. 


TABLE V 

Results of Protection Tests with Serum from Immune Syphilitic Rabbits and with 
Scrum from Normal Rabbits Which Had Been Maintained under Laboratory 
Conditions over a Period of Months 
Experiment 3 


Test rabbit 
No. 

Source of serum 
Rabbit No. 

Incubation 

period 

Size of lesions* 

Observed 

Interpretation of 
test 

Degree of protection 



days 


days 


4-02 

1-94 

(normal) 

30 

8 

34 

Control 


3-13 

(normal) 

30 

10 

CC 

CC 


8-9 

Neg. 

0 

CC 

Definite 


2-54 

(( 

0 

CC 

CC 

4-03 

1-94 

18 

10 

22 

Control 


3-13 

18 

11 

Cl 

CC 


8-9 

Neg. 

0 

CC 

Definite 


2-54 

<1 

0 

CC 

CC 

4-04 

1-94 

21 

6 

29 

Control 


3-13 

20 

! 18 

CC 

1C 


8-9 

Ncg. 

0 

CC 

Definite 


2-54 

CC 

0 

CC 

CC 

4-05 

1-94 

23 

7 

CC 

Control 


3-13 

19 

16 

CC 

CC 


8-9 

Ncg. 


CC 

Definite 


2-54 

CC 


CC 

it 


* See page 872. 
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As controls in this experiment serum was obtained from 2 normal rabbits, Nos. 
1-94 and 3-13. The former animal had been in the laboratory 8 months at the 
time of bleeding and the latter animal 7 months. One part of a 50 per cent 
testicular emulsion, containing numerous active T. pallidum, was added to 9 parts 
of serum. The mixture was incubated at 37°C. for 6 hours and at the end of this 
period 0.1 cc. of each mixture was inoculated intracutaneously in 6 sites of one 
area in each of 4 normal rabbits. 

The results of these inoculations are shown in Table V. In each 
of the test rabbits a typical pattern of syphilitic lesions developed in 
the areas inoculated with normal serum-spirochete mixtures, while 
not a single lesion developed during the period of observation in any 
area inoculated with immune serum-spirochete mixtures. (See photo- 
graph of rabbit 4-03, Fig. 1.) The conclusion must be drawn that 
the serum from the immune animals inhibited the development of 
syphilitic lesions under the conditions of this experiment. While 
the results are not conclusive, the experiment indicates that simply 
maintaining normal rabbits under laboratory" conditions for a period 
of months does not serve appreciably to increase the titer of protective 
antibodies against T. pallidum. 

DISCUSSION 

Most -writers re-vie-wing the large amount of experimental work of 
the past 30 years on the nature of immunity in syphilis have con- 
cluded, and rightly so, on the basis of the available e^^dence, that 
this acquired resistance is a property primarily of the fixed tissue 
cells. Despite the fact that both man and animals, under certain con- 
ditions, e.xhibit a high degree of resistance to reinoculation, only an 
occasional investigator has been able to obtain evidence of a humoral 
e.xpression of this immunity. In rewwing the experiments bearing 
directly on this point, however, it is e\-idcnt that in many instances 
the methods of testing for the presence of humoral antibodies specific 
for T. pallidum were relatively crude compared with the techniques 
now available.. J^Iuch more is now known concerning the general 
course of e.xpcrimcntal syphilis and, in particular, much more is 
known of the various factors that influence the development of the 
immune state. 

In the experiments reported in this paper liberal use has been made 
of techniques developed in the study of filtrable viruses and other 
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this amount may be sufficient in many instances to fulfill the re- 
quirements of the reaction. 

In these experiments no effort has been made to determine the 
titer of the protective antibodies. Probably an excess of serum was 
used m the test. It may be possible to reduce the amount of serum 
to the point where smaller differences in antibody content can be 
detected. 

These experiments and those of several other workers mentioned 
above indicate that specific humoral antibodies are produced during 
the course of syphilitic infection in rabbits. If this is true, it would 
serve to remove s)q)hilis from the rather unique position among in- 
fectious diseases which it has occupied in the past, and place it among 
the ever grovdng group of diseases in which resistance to reinfection is 
associated at some period during the course of the infection with the 
presence of hiunoral antibodies specific for the causative agent of that 
disease. This phenomenon is observed more characteristically in 
the acute infections. The mere fact that a disease is chronic and the 
infection ordinarily of long duration in itself suggests that the re- 
sistance to the causative organisms, whether to those already within 
the body, or to those that reach it from without, is not highly de- 
veloped. By the same reasoning, it could be hypothesized that the 
humoral expression of this immunity would, likewise, probably be 
only imperfectly developed. This seems to be the case in s)qjhilis. 

ST7MMARY 

1. ^^'hen an emulsion containing virulent Treponema pallidum 
IS added to serum from normal rabbits and from untreated immune 
siT^hilitic rabbits that have been infected with a homologous strain 
of T. pallidum, the mixture incubated at 37°C., and injected intra- 
cutancously into normal rabbits, typical syphilitic lesions commonly 
develop at the sites of inoculation of the normal serum-spirochete 
niixture, while at the sites of inoculation of immune serum-spirochete 
im.xturcs usuall}* either no lesion develops or else the incubation period 
of the resulting lesions is shorter and the lesions remain smaller than 
those produced by normal serum-spirochete mixtures. 

2. In a scries of prcliminaiy experiments, of 56 areas inoculated 
"ath scrum-spirochete mixtures, in 42 the suppressive action of the 
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syphilitic serum was manifest, in 10 areas questionable evidence of 
protection was noted, and in 4 areas there was no e\’idence that the 
syphilitic serum had exerted a suppressive or protective action. 

3. The protective action of syphilitic serum seems to have been 
lessened by heating to 56®C. 

4. The results of the protection test in three other series of ex- 

periments were as follows: (a) Of 12 areas in 6 rabbits inoculated with 
normal serum-spirochete mixtures typical sj^philitic lesions developed, 
while in the same number of areas inoculated with immune serum- 
spirochete mixtures there was complete or partial suppression of 
lesions in all. (b) Of 45 areas inoculated with serum from 10 different 
immune syphilitic rabbits, definite evidence of protection was ob- 
served in 37, questionable evidence in 5, and no evidence of protection 
in 3. (c) Of 8 areas in 4 rabbits inoculated with immune serum- 

spirochete mixtures no lesions developed during the period of observa- 
tion, while of 8 areas in the same rabbits inoculated with one of two 
normal serum-spirochete mixtures tjqaical syphilitic lesions developed 
in each. 


CONCLUSION 

During the course of syphilitic infection rabbits develop specific 
humoral antibodies which can be demonstrated by an appropriate 
^‘protection test.” The presence of these antibodies is associated 
\vith a high degree of acquired immunity to the disease. 
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EXPLANATION OF PLATE 44 

Fig. 1. Photographs of the backs of rabbits inoculated with serum-spiiochete 
mixtures. 

(o) Rabbit 1-79. Experiment 1. Excised skin of back, 51 days after inocula- 
tion. Areas inoculated with tlie following sera: I, rabbit 46-75, immune. II, 
normal A (2 pooled). Ill, rabbit 46-87, immune. IV, normal B (2 pooled). Note 
pattern of large syphilitic lesions in areas II and IV. There are no lesions in areas 
I and III, although these areas are partially obscured by pigment. 

(6) Rabbit 1-83. Experiment 1. Excised skin of back, 51 days after inocula- 
tion. Areas inoculated with the following sera: I, rabbit 46-75, immune. II, 
normal A (2 pooled). Ill, rabbit 46-87, immune. IV, normal B (2 pooled). 
Note pattern of large syphilitic lesions in areas II and IV and absence of lesions in 
areas I and III. 

(c) Rabbit 2-21. Experiment 2. Excised skin of back, 35 days after inocula- 
tion. Areas inoculated with the following sera: I, normal A (3 pooled). II, 
normal B (3 pooled). Ill, rabbit 1-11, immune. IV, rabbit 1-12, immune. 
Note pattern of syphilitic lesions in areas I and II, and absence of lesions in areas 
III and IV. 

(d) Rabbit 4-03. Experiment 3. Excised skin of back 22 days after in- 
oculation. Areas inoculated with the following sera: I, rabbit 1-94, normal. 
II, rabbit 2-54, immune. Ill, rabbit 3-13, normal. IV, rabbit 8-9, immune. 
Note pattern of small lesions in areas I and III, and absence of lesions in areas II 
and IV. 
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